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ABSTRACT
This thesis examined physiological reactions
characteristic of the Acoustic Startle Response (ASR) under
several different experimental conditions. Two measures of
the startle eyeblink were extensively compared: (1)
Electromyogram (EMG) measures of orbicularis oculi muscle
activity, and (2) Electrooculogram (EOG) measures of
vertical eye movement. In a first set of experiments, Heart
Rate (HR) and Skin Conductance (SC) response measures, as
well as the startle blink, were recorded in response to
simple startle stimuli. When a single stimulus intensity
was used, reliable startle response elicitation and
habituation were noted in all measures except HR. These
results changed slightly when stimulus intensity was also
varied, yet comparative analyses of EMG and EOG were highly
similar. A second, more extensive, set of experiments
explored startle eyeblink modification (SEM) using
different selections of prestimuli. The main results of the
major exerimental series indicated that (a) the duration of
ASR testing sessions can be reduced without loss of
information; (b) EMG and EOG responses are equally
sensitive to changes in prestimulus interval; (c) the
effects of transient and sustained prestimuli, as elicitors
of SEM, grow less similar with longer prestimulation; and
(d) thorough accounts of SEM require concurrent EMG and EOG
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recording.

Overall,

the

results

suggest

that

the

sensitivity and efficiency of ASR recording, as a useful
probe of brain activity, can be enhanced by using both EMG
and EOG measures.

1
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OVERVIEW
The present study was designed to examine the
responsiveness of two complimentary startle eyeblink
measures within a limited stimulus presentation paradigm.
It was believed that such an investigation could
potentially enhance the precision and efficiency of
Acoustic Startle Response (ASR) recording. Questions as to
the best method of startle blink calibration were
addressed, and the sensitivity of the startle blink to
stimulus intensity and prestimulus duration was
investigated. The habituation of eyeblink responses was
noted, to answer whether alternative blink measures were
sensitive to such effects.
In an effort to verify the utility of autonomic
indices of acoustic startle, HR and SCR startle responses
to simple startle stimuli were also briefly considered.
Response habituation and sensitivity to varied stimulus
intensity was highlighted. These analyses were intended to
compare the sensitivity of autonomic components of startle
with more conventional eyeblink measures.
Two initial experiments were performed using simple
startle stimuli. Experiment 1 included 95 dB stimuli, and
Experiment 2 included stimuli of three intensities: 75, 85
and 95 dB. The data from these first two experiments showed
SC, HR, as well as EMG and EOG blink measures to be
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reliable indices of the ASR. SC, but not HR, was shown to
be sensitive to increases as small as 10 dB in stimulus
intensity. SC was also shown to habituate more readily than
HR. HR did not habituate in either Experiments 1 or 2,
while significant SC habituation was found in Experiment 1.
SC habituation did not reach significance within Experiment
2. It was reasoned that this was most likely due to
stimulus variation/novelty effects.
Despite latency differences, EMG and EOG measures
were demonstrated to be highly comparable indices of
startle blink magnitude. Specifically, the latency to peak
of EMG responses is considerably shorter, and EOG responses
habituate significantly faster than EMG when a single
stimulus intensity is used. Conversely, when varying
stimulus intensities are used (Experiment 2) , the
habituation rates of EMG and EOG no longer differ
significantly.
Experiments 3 to 7 explored Startle Eyeblink
Modification (SEM) effects as products of prestimulus
interval and testing duration. Experiments 3 and 4 were
intended to determine whether SEM could be successfully
observed with a limited trial block design. EMG data were
collected using the Prepulse Inhibition (PPI) paradigm of
Graham and Murray (1977). Experiment 3 included EMG blink
measures over 9 trial blocks. Responses to prestimulated
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startle tones were demonstrated to be similar for transient
and sustained prestimuli, and showed the same pattern of
inhibition across lead times. Analyses of results within
trial blocks 1-3, 4-6 and 7-9 showed habituation of overall
response magnitude, with consistent prestimulus effects
across trials.
In an effort to show EMG and EOG compatibility,
Experiment 4 included data in both blink modalities, with
the number of trial blocks reduced to 3. The Graham and
Murray (1977) design was once again replicated, with highly
similar data in EMG and EOG measures. EOG responses did not
habituate to the same degree as EMG, yet a combined
analysis of both measures showed significant habituation of
response magnitude across trial blocks.
Experiment 5 was intended to probe changes in the degree
of startle inhibition within a single lead time interval.
Single and double prepulses with Stimulus Onset
Asynchronies (SOAs) of 6, 20, 50 and 100 ms were used, with
lead time of 150 ms. EMG results demonstrated an increase
in PPI across SOA intervals from 6 to 50 ms, with a small
reduction in this effect at the 100 ms interval. This
supported past research (Blumenthal, 1995). Different
effects were found in the EOG analyses, with

t

significant

differences between single and double prestimuli and a
different PPI response pattern, compared to EMG. This was
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interpreted to reflect different prestimulus processing
within EMG and EOG modalities.
Experiment 6 was designed to monitor the reduction of
PPI from asymptote to zero within EMG and EOG. Lead times
of 120, 240, 480 and 960 ms were included, to elicit
maximal PPI as well as Prepulse Facilitation (PPF),
responses greater than control. PPI reduction across lead
time intervals was noted within independent, EMG and EOG
analyses as well as combined analyses. In support of past
research (Hoffman & Wible, 1969; Graham et al. , 1975;
Hoffman & Ison, 1980), PPI was reduced to non-significant
levels with 480 ms of lead time. Prestimulus type was found
to be non-significant, indicating similar processing of
transient and sustained prestimuli at the intervals
selected. In all analyses EMG and EOG were found to be
compatible. The consistency of these findings slightly
contradicted the available literature, and implied that a
more narrow range of lead time intervals invokes less
response distortion due to context effects (Lipp et al.,
1994) .
A final experiment was performed to note the
progresion of EMG and EOG modification with longer lead
intervals. It was hypothesised that at such lead time
intervals, the combined sustained and transient elements of
Continuous (Sustained) prestimuli would result in
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significantly greater response magnitude

(Graham et al.,

1975) . Experiment 7 generally supported this hypothesis.
Significant increases in startle magnitude were found over
increasing lead times in both EMG and EOG measures.
Significant habituation across trial blocks was recorded in
nearly all analyses, with slight EMG/EOG differences.
Prepulse modification did not differ across trial blocks.
As expected, the extended lead intervals used in Experiment
7 produced larger responses in Sustained than Transient
prestimulus conditions. Response magnitude was found to
increase between lead intervals of 2000 and 3000 ms within
the EOG and combined analyses.
The lack of lead time and prestimulus differences
between EMG and EOG measures found in this study generally
indicates that these are compatible measures of the ASR.
Both measures demonstrate reliable SEM with few stimulus
presentations. EMG and EOG are also equally sensitive to
lead time duration and prestimulus type. The combined data
obtained from EMG and EOG channels provides greater detail
than would have been obtained with either single measure.
The two blink measures often habituate differently, and
reflect slightly different prestimulus processing.
Consequently, it would seem that both EMG and EOG measures
are required in a thorough and balanced investigation of
startle elicitation and SEM. The results of the present
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study may be of use to future researchers, in attaining and
maintaining efficient measurement of the startle blink.
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ABBREVIATIONS

Table 0.1. Abbreviations used in the text of this thesis.
Notes: (1) Abbreviations used in Tables are not provided
here; (2) all abbreviations will be defined on their first
use in the text.

Abbreviation
Ag/AgCl
AM
ASR
BAL
BPM
CA1
CA3
CB
CG
cm
CRN
dB
DG
EC
EES
EMG
EOG
EPSP
HC
HR
HRR
Hz
IC
IN
LC
LL
LTP

Term
Silver/Silver Chloride
Amygdala
Acoustic Startle Response
Basolateral Amygdaloid nuclei
Beats Per Minute
Hippocampal division 1
Hippocampal division 3
Cerebellum
Midbrain Central Gray
Centimetre
Cochlear Root Nucleus
Decibels
Dentate Gyrus
Entorhinal Cortex
Electrically Elicited Startle
Electromyogram
Electrooculogram
Excitatory Postsynaptic Potentials
Hippocampus
Heart Rate
Heart rate response
Hertz
Inferior Colliculi
Interpositus Nucleus
Locus Coeruleus
Lateral Lemniscus
Long Term Potentiation

(Table continues)

Table 0.1 (continued)
Abbreviation

Term

MD
MG
^is

Medulla
Medial Geniculate Nucleus
MicroSiemens

ms
PHA-L
PIN
PNC
PPF
PPI
PPTG
RF
RNA
RPC
SC
SCR
sec
SEM
SOA
SOC
TB
TH
VAF
VCN

Milliseconds
Phaseolus Vulgaris-Leucoagglutinin
Posterior Interlaminar thalamic Nucleus
Pontine Nucleus caudalis
Prepulse Facilitation
Prepulse inhibition
Peduncolopontine Tegmental Nucleus
Reticular Formation
Ribonucleic Acid
Reticularis Pontis Caudalis
Skin Conductance
Skin Conductance Response
Seconds
Startle Eyeblink Modification
Stimulus Onset Asynchrony
Superior Olivary Complex
Trial Block
Thalamus
Ventral Amygdalofugal Pathway
Ventral Cochlear Nucleus

XV

TABLE OF CONTENTS
PAGE
EPIGRAPH ii
CANDIDATE'S CERTIFICATE iii
ACKNOWLEDGEMENTS iv
ABSTRACT v
OVERVIEW vii
ABBREVIATIONS xiii
LIST OF FIGURES xvii
LIST OF TABLES xxxv

Chapter I. GENERAL INTRODUCTION 1
Startle Modification 3
Prepulse Inhibition (PPI) 3
Prepulse Facilitation (PPF) 4
Habituation 5
Clinical Applications 6
Contemporary issues 6
Startle Measures 6
Possible impacts of startle habituation 7
THE STRUCTURE OF THIS THESIS 11
SUMMARY 16

Chapter II. PHYSIOLOGY AND STARTLE REFLEX
MODIFICATION 18

XV

INTRODUCTION
Brain Anatomy and Biological Processes 21
THE ACOUSTIC STARTLE CIRCUIT 21
The Hindbrain 22
The Metencephalon 22
The cerebellum (CB) 22
The pons 22
Manipulation of pontine activity 24
The Myencephalon 25
The Medulla 25
THE PROCESS OF ACOUSTIC STARTLE 28
OTHER CONTRIBUTORS TO ASR ACTIVITY 31
The Limbic System 32
The amygdala 32
The hippocampus 34
The Diencephalon 34
The thalamus 35
The Midbrain 37
The Reticular Formation 38
THE PHYSIOLOGY OF STARTLE BLINK MODIFICATION 40
Prepulse Modification 41
The Forebrain 41
The Limbic System 42
The Midbrain 44
The Hindbrain 45

18

xvii

HABITUATION
The Forebrain 52
The limbic system 52
The Diencephalon 54
The Midbrain 55
The Hindbrain 55
CONTEMPORARY ASR MEASUREMENT PROCEDURES 57
The Electromyogram (EMG) Startle Blink 58
The Electrooculogram (EOG) Startle Blink 60
SUMMARY 62

Chapter III. REVIEW OF PSYCHOLOGICAL LITERATURE
ON THE ACOUSTIC STARTLE RESPONSE 64
INTRODUCTION 64
BACKGROUND 68
Startle Stimuli 70
Startle Elicitation 72
Measurement Procedures 75
The Electromyogram (EMG) startle blink 75
The Electrooculogram (EOG) startle blink 77
EMG/EOG Recording Strategies 78
Autonomic Startle Responses 81
The Heart Rate Response (HR) 82
The Skin Conductance Response (SCR) 75
Startle Blink Research 87

47

xviii

Prepulse Inhibition
Temporal Summation 89
Prepulse Facilitation 95
Habituation 97
Habituation of Autonomic Startle Responses 103
Future Directions for Startle Research 104
SUMMARY 106

Chapter IV. EMG AND EOG EYEBLINK RESPONSES TO STARTLE
STIMULI (EXPERIMENT 1) 110
INTRODUCTION 110
METHOD 116
Participants 116
Design and Procedure 117
Startle blink recording 117
EMG • • H7
EOG 118
Autonomic data recording 118
Data Analysis 118
Results

121

Blink Data 121
Premature blinking 121
Zero responses 121
Blink Data: Independent Analysis 121
Onset latency 122

89

Latency to peak
EMG 123
EOG 123
EMG/EOG analysis 124
EMG/EOG Response Correlations 126
Blink Data: Matched Analysis 126
Onset latency 126
Latency to peak 126
EMG 127
EOG 127
EMG/EOG analysis 127
EMG/EOG Response Correlations 128
Matched vs Independent Analysis 128
Autonomic Responses 129
Heart rate 129
Skin conductance 129
Blink/SCR Habituation analysis 131
DISCUSSION

133

CHAPTER V. STARTLE BLINK AND AUTONOMIC RESPONSES
TO STIMULI OF PROGRESSIVE INTENSITY
(EXPERIMENT 2)
INTRODUCTION
METHOD

123

148

Participants

148

14

0

122

XX

Design and Procedure
Data Analysis 149
RESULTS 150
Startle Blink Data 150
Premature blinking 150
Zero responses 150
Matched Analysis 151
EMG 151
EOG 151
Combined (EMG + EOG) analysis 152
Autonomic Responses 153
Heart Rate 153
Skin Conductance 155
SC/blink intensity effects 155
Habituation 156
EMG 156
EOG 156
EMG + EOG 156
Heart Rate 157
Skin Conductance 157
Blink/ SCR habituation analysis 158
Independent Analysis 159
EMG 159
EOG

160

EMG + EOG 160

148

Blink/SC intensity effects
Habituation 160
EMG 161
EOG 161
EMG + EOG 161
Blink/ SCR habituation analysis 161
Matched vs. Independent analysis 162
DISCUSSION 162

Chapter VI. EMG AND EOG INDICES OF PROGRESSIVE
STARTLE INHIBITION (EXPERIMENTS 3 & 4) 168
INTRODUCTION 168
EXPERIMENT 3 179
Method 179
Participants 180
Design and procedure 180
Data analysis. 181
RESULTS 182
First Analysis (Zeros Included) 182
Rejected trials . . .' 182
Blink magnitude 183
Habituation 183
Second Analysis (Zeros Omitted) 185
Rejected trials 185
Blink magnitude 185

160

xxii

Habituation
Comparison of First and Second Analyses 187
DISCUSSION 189
EXPERIMENT 4 191
Method . . .' 192
Subj ects 192
Apparatus 192
Procedure 192
Data analysis 193
Results - Matched Analysis 193
Rejected trials 193
EMG 194
EOG 195
EMG and EOG group analysis 195
Results - Independent Analysis 196
EMG 197
EOG 198
EMG and EOG group analysis 199
Matched vs Independent Analysis 200
Discussion 200
GENERAL DISCUSSION 202

Chapter 7. EMG AND EOG RESPONSES TO VARYING STIMULUS
ONSET ASYNCHRONY AND PRESTIMULUS NUMBER
(EXPERIMENT 5) 206

185

xxiii

INTRODUCTION
METHOD 213
Participants 213
Stimuli 213
Design & Procedure 214
Data Analysis '. 214
RESULTS 215
Rejected Trials 215
EMG 215
EOG 216
EMG + EOG Group Analysis 218
DISCUSSION 22 0

Chapter 8. Prepulse Inhibition of EMG and EOG Startle
Blinks using short and more extended lead
times (EXPERIMENT 6) 227
INTRODUCTION 227
Context Effects 232
Transient vs. Sustained Prestimulation 236
METHOD 23 9
Participants 239
Design 240
Apparatus, Procedure and Data Analysis 240
RESULTS 241
EMG 241

2 06

SEM
Prestimulus type . 242
Habituation 242
PPI 243
EOG 243
SEM 243
Prestimulus type 244
Habituation 244
PPI 245
Combined (EMG/EOG) Analysis 247
SEM 247
Prestimulus type 247
Habituation 247
EMG/EOG 24 8
ppi 248
DISCUSSION 249

Chapter 9. ASR EYEBLINK FACILITATION DUE TO
PROGRESSIVE INCREASE IN LEAD TIME
(EXPERIMENT 7) 254
INTRODUCTION 254
METHOD

264

Participants 264
Stimuli, Design, & Procedure 265

241

Data Analysis
RESULTS 267
Rejected Trials 267
MATCHED ANALYSIS 268
EMG Data (Zero Responses Replaced) 2 68
PPI/PPF 268
Habituation 268
SEM 268
Prestimulus type 269
EOG Responses (Zero Responses Replaced) 270
PPI/PPF 270
Habituation 270
SEM 270
Prestimulus effects 271
EMG + EOG Data (Zero Responses Replaced) 271
PPI/PPF 271
Habituation 271
SEM 272
Prestimulus effects 274
EMG Data (Zero Responses Included) 274
EMG Data (Zero Responses Included) 274
Combined (EMG + EOG) Data (Zero Responses
Included) 276
INDEPENDENT ANALYSIS 279
Zero Responses Replaced 279

265

xxvi

EMG Data
EOG Data 280
EMG and EOG Combined Analysis 281
Zero Responses Included 284
EMG Data 284
EOG Data 285
EMG + EOG results 286
DISCUSSION 289

Chapter 10. GENERAL DISCUSSION 299
Basic Startle Elements 305
Prepulse Inhibition Effects 313
Stimulus Onset Asynchrony Manipulation 316
PPI Reduction 317
Startle Blink Facilitation 318
SUMMARY 330

REFERENCES 337

APPENDIX 373

279

xxvii

LIST OF FIGURES
Figure 2.1. Regions of the human Hindbrain 24
Figure 2.2. The Startle Pathway: Brain and brainstem
structures activated during acoustic startle 3 0
Figure 2.3. The limbic system and surrounding structures
(from Carlson, 1999) 32
Figure 2.4. Primary regions of the Hippocampus (From
Carlson, 1999) 35
Figure 2.5. The diencephalon of the human brain 36
Figure 2.6. The human mesencephalon 38
Figure 2.7. A cross section of the mesencephalon (From
Carlson, 1999) 39
Figure 2.8. A schematic offered by Swerdlow and Geyer
(1999) of hypothesised descending forebrain influences
upon PPI 43
Figure 2.9. Shortening and widening of dendritic
spines as proposed by Desmond and Levy (1988) 51
Figure 2.10. An integrated EMG startle blink 59
Figure 2.11. An EOG startle blink 61
Figure 3.1. EMG and EOG magnitude with progressive
stimulus duration (above) and rise/fall time
(below) (Putnam & Roth, 1990) 80
Figure 3.2. EKG responses to three intensities of
startle stimulation (O'Gorman & Jamieson, 1977) .... 83

xxviii

Figure 3.3. Startle responses over 15 trials, in
three modalities: (1) EMG (top), (2) SC (bottom
left), and (3) EKG (bottom right) as reported
by Orr et al. (1977) 85
Figure 3.4. EKG activity following four intensities
of stimulation (Roth, Dorato, & Kopell, 1984) 86
Figure 3.5. Startle inhibition using transient
and sustained prestimulation (Graham &
Murray, 1977) 92
Figure 3.6. Startle responses with a range of
prestimulus durations (Graham et al., 1975) 93
Figure 3.7. Inhibition of startle magnitude
with progressive increase in prestimulus
duration (Norris & Blumenthal, 1996) 94
Figure 3.8. Startle reactions to stimulus 1,
and averages of responses within trial blocks
(Bolino et al. , 1993) 98
Figure 3.9. EMG startle eyeblink habituation
across trial blocks, within 3 experimental
sessions (Cadenhead et al., 1999) 99
Figure 3.10. ASR habituation (Graham & Murray, 1977) .. 100
Figure 3.11. Habituation of startle responses
using 6 prestimulus intervals (Lipp et al.,
1994)

101

XXIX

Figure 3.12. EKG (left) and SCR (right)
responses to a 100 dB stimulus, over the
first three of five trial blocks (Turpin
et al., 1999) 105
Figure 4.1. Progression of EMG and EOG responses
to startle stimulation (Experiment 1) 123
Figure 4.2. Habituation of EMG and EOG responses
across trials and trial blocks 124
Figure 4.3. Progression of EMG and EOG responses
to startle stimulation (matched analysis) 125
Figure 4.4. Matched EMG and EOG data across
trials 128
Figure 4.5. HR startle responses across two
trial blocks 130
Figure 4.6. Averaged HR startle (max.)
responses across trial blocks 13 0
Figure 4.7. Mean SC responses across two
trial blocks

118

Figure 4.8. Habituation of skin conductance
responses across trial blocks 132
Figure 5.1. The effects of varying noise and
tone intensity upon EMG startle blink
magnitude (Blumenthal & Berg, 1986) 142
Figure 5.2. EMG and EOG startle responses
across trial blocks using three stimulus

XXX

intensities

152

Figure 5.3. HR acceleration within the short
latency (1.0-4.0 seconds poststimulus)
period 153
Figure 5.4. HR acceleration to 75, 85 and 95 dB
startle stimuli 154
Figure 5.5. Skin conductance responses as a
product of three intensities of stimulation 155
Figure 5.6. Blink responses across trial
blocks (matched analysis) 157
Figure 5.7. Habituation of skin conductance
responses across trial blocks 1-3 158
Figure 5.8. Habituation of EMG and EOG responses
across three trial blocks (independent
analysis)

159

Figure 6.1. Habituation of PPI effects across
blocks of 3 stimulus presentations (Lipp
et al. , 1994)

172

Figure 6.2. Habituation of PPI effects across
blocks of 6 trials (Blumenthal, 1997) 174
Figure 6.3. Prepulse inhibition effects
(Experiment 3; zeros included)

18

4

Figure 6.4. Prepulse inhibition across trial
blocks (zeros included)

184

Figure 6.5. Inhibition of EMG responses across

lead time intervals. Zero responses omitted
Figure 6.6. Startle modification effects within
three experimental periods. Zero responses
omitted

;

187

Figure 6.7. Startle blink modification effects
with zero responses both included and
replaced with averages 188
Figure 7.1. Examples of single and double
stimuli with equal periods of stimulation 208
Figure 7.2. Inhibition of EMG startle response
amplitude for single and double prepulses,
as a function of stimulus duration / SOA
(Blumenthal, 1995) 212
Figure 7.3. Inhibition of EMG startle blink
responses across Stimulus Onset Asynchrony
(SOA) intervals 216
Figure 7.4. Inhibition of EOG startle blink
responses across SOA intervals 217
Figure 7.5. Inhibition of EMG and EOG startle
blink responses across SOA intervals 219
Figure 7.6. Progression of EMG and EOG startle
blink responses across SOA intervals 22 0
Figure 8.1. Progression from PPI to PPF across
3 of 4 trial blocks (Filion et al. , 1993) 229

186

XXXI1

Figure 8.2. Startle blink modification using
novel (1000 Hz) and familiar (800 Hz)
prepulses (Filion et al., 1994) 230
Figure 8.3. Startle inhibition and facilitation
effects as reported by Graham et al. (1975) 233
Figure 8.4. Startle inhibition across lead time
(Norris & Blumenthal, 1996) 234
Figure 8.5. EMG responses across lead time
intervals 242
Figure 8.6. EOG responses across lead time
intervals 244
Figure 8.7. Combined EMG and EOG responses
across lead time intervals 24 6
Figure 9.1. Comparative degrees of EMG (top)
and EOG (bottom) startle blink facilitation
to a 97 dB stimulus (Sollers & Hackley, 1997) 263
Figure 9.2. Progression of EMG responses across
lead times within the matched analysis (zero
responses replaced) 269
Figure 9.3. EOG startle blink data across lead
intervals using the matched analysis method
(zeros replaced) 271
Figure 9.4. Combined EMG and EOG responses as a
product of lead time (matched analysis, zeros
replaced)

272

XXXI11

Figure 9.5. EMG responses across lead
time intervals (matched analysis, zero
responses included) 275
Figure 9.6. EOG startle blink data
(matched analysis, zero responses
included) 275
Figure 9.7. Combined (EMG + EOG) blink data
due to lead time within the matched
analysis (zero responses included) 277
Figure 9.8. EMG responses across trial
blocks (independent analysis, zero
responses replaced) 280
Figure 9.9. EOG responses across trial
blocks (independent analysis, zero
responses replaced) 281
Figure 9.10. Startle amplitude for averaged
EMG and EOG responses in trial blocks 1,
2 and 3 (zeros replaced) 282
Figure 9.11. EMG responses within the
independent analysis across lead intervals
(zeros included) 284
Figure 9.12. EOG responses within the
independent analysis (zeros included) 286
Figure 9.13. Combined EMG and EOG data from
the independent analysis (zeros included) 287

xxxiv

Figure 10.1. A schematic representation of
the variance shared between EMG and EOG
startle blink magnitudes for Experiments 4-7 326

LIST OF TABLES

Table 0.1. Abbreviations used in the text of
this thesis xiii
Table 3.1. Components of the human startle
response (Landis & Hunt, 1939) 71
Table 9.1. Effects of matched EMG and EOG
data (zero responses replaced with averages) 273
Table 9.2. Effects of matched EMG and EOG effects,
with zero responses included 278
Table 9.3. EMG and EOG effects using the
independent analysis (zero responses included 283
Table 9.4. EMG and EOG effects within the
independent method of analysis (zero
responses replaced with averages) 283
Table 10.1. Correlation and shared variance
of EMG and EOG startle blink magnitude
for Experiments 4-7 325

1

CHAPTER I
GENERAL INTRODUCTION
Study of the acoustic startle response (ASR)
represents one of the most rapidly developing fields of
modern psychophysiology (Dawson, Schell, & Bohmelt,
1999). The manipulation of this effect has been used to
study both automatic and controlled cognitive processes
in several species of animals, including humans
(Hoffman & Ison, 1980) . As such, research of the ASR
has grown tremendously since 1970 (Filion, Dawson &
Schell, 1998) . ASR modification has been especially
popular, due to its utility as an index of central
nervous function. The present study is designed to
examine the sensitivity of various indices of acoustic
startle in humans, particularly two distinct measures
of the startle eyeblink.
Recently, the value of startle modification has
been noted in four veins of psychological research: (1)
Neuroscience, (2) Cognitive science, (3) clinical
research, and (4) integrative studies (Dawson, et al.,
1999) . These authors suggest that from a
neuroscientific perspective, startle modification is
valuable due to its simplicity, ease with which it is
controlled, and its non-invasive nature. From a
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cognitive

viewpoint,

it

is

noted

that

startle

modification can gauge both automatic and controlled
cerebral processes. Dawson, et al. argue that clinical
science could benefit from startle modification as a
means of investigating the fundamental structural
processes responsible for behaviour. Schizophrenics are
less responsive to the inhibition of startle responses
by prestimulation (Cadenhead, Geyer, & Braff, 1993;
Cadenhead, Perry, & Braff, 1996), as are individuals
with other psychological disorders (Simons & Giardina,
1992). More recently, abnormal ASRs have been detected
in schizophrenics when prestimulation was used to
enhance the startle effect. Bolino et al. (1994) used
prestimuli to create the opposite, enhanced startle
effect. These authors believed that the neural pathways
involved in producing exaggerated startle responses
were abnormal in schizophrenics. It would seem that
startle modification is a reliable index of attentional
processing in clinically diagnosed populations (Schell,
Dawson, Hazlett, & Filion, 1995).
Dawson et al. (1999) insist that research in
startle modification has the potential to unify these
aforementioned areas of psychology. These authors
believe that the study of startle modification will
allow researchers to examine psychological phenomena at

3

several distinct levels of analysis. Such an analysis
is detailed in several experiments within the present
study.
Startle Modification
The great majority of human ASR studies address
startle eyeblink modification -- SEM (Filion et al.,
1998) . By manipulating such variables as the duration
of stimuli presented immediately prior to startle
stimuli, the magnitude of startle responses can be
readily modified.
Prepulse Inhibition (PPI)
Startle response magnitude is often
experimentally modified by presentation of a mild
stimulus (a prestimulus) prior to the startle-eliciting
stimulus. When the duration of time between prestimulus
and startle stimulus onset (known as lead time, or lead
interval) is quite short, between 30 and 500 ms,
startle responses are commonly reduced in magnitude.
This phenomenon is known as inhibition of startle, or
prepulse inhibition (PPI). PPI occurs with the first
pairing of prestimulus and startle stimulus, and is due
to a form of sensorimotor gating (Graham, 1980) . PPI
among humans has proven to be a remarkably reliable
phenomenon (Graham & Murray, 1977; Hoffman & Ison,
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1980;

Hackley

&

Boelhouwer,

1997).

Besides

schizophrenia and Autism, other clinically diagnosed
populations, such as those with obsessive-compulsive
disorder, Huntington's disease, and Tourette's
syndrome, show a reduced PPI effect (Castellanos et
al., 1996; Geyer & Braff, 1987; Swerdlow, Caine, Braff,
& Geyer, 1992;. Swerdlow & Geyer, (1993).
Prepulse Facilitation (PPF)
With lead times of several hundred ms and
greater, startle responses can be modified through
prestimulation to surpass control levels (responses to
startle tones alone). This phenomenon is known as
prepulse facilitation (PPF). Recently, studies have
attempted to incorporate both PPI and PPF elements
(Lipp, Arnold, Siddle, & Dawson, 1994; Norris &
Blumenthal, 1996). The findings of this research
indicate that the effects of prestimulus duration upon
SEM are not as consistent at longer lead intervals,
when PPF is the intended result. Consequently, it is
not certain at what time interval PPI is ended, and PPF
begins. One of the aims of the present study is to
clarify this matter.

5

Habituation
Within this thesis, "habituation" shall refer to
the decrease in startle blink magnitude which occurs
with successive stimulus presentations (Davis, 1984).
SEM habituation is designated as the empirical
observation of a decrease in startle inhibition across
trial blocks.
As with the study of many psychophysiological
responses, habituation of the ASR is of popular
interest (Graham, Putnam, & Leavitt, 1975; Schicatano &
Blumenthal, 1994). A comprehensive, definitive view of
this subject has yet to be produced. It has been noted
that startle responses habituate rapidly over
successive trials (Graham, 1980). Responses to control
(startle stimulus alone) trials habituate more rapidly
than do responses to prestimulus-startle stimulus pairs
(Anthony, 1985). PPI effects habituate also,
significantly in some instances (Lipp et al., 1994;
Lipp & Krinitzky, 1998). This effect has been found to
be the result of habituation of reactivity to the
startle-eliciting stimulus rather than habituation of
PPI itself (Blumenthal, 1997). An attempt will be made
within the present work to resolve the issue of startle
response and prepulse effect habituation.

6

Clinical Applications
The findings of this thesis should have
considerable ramifications. The practical applications
of startle modification are constantly growing
(Castellanos et al., 1996). As noted above, PPI
deficits are considered indices of a number of common
disorders. Hoffman and Ison (1992) have detailed the
uses of acoustic startle as a clinical screening
measure. The full implications the ASR as a complement
to more traditional diagnostic medical methods have yet
to be established. It is not the purpose of this thesis
to argue such a case. Rather, it is believed that a
more complete understanding of the ASR could expedite
clinical diagnoses, with positive results.
Contemporary Issues
Several issues impede a fuller understanding of
the ASR and its underlying mechanisms. Among these are
(1) Proper response measurement, and (2) habituation of
the response and prestimulus effects.
Startle measures
The first modern review of the ASR stipulated that
the response possessed nine (9) bodily components
(Landis & Hunt, 1939). Since that time nearly all
published studies have employed the startle eyeblink as
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the primary dependent variable (Dawson et al,, 1999).
Appropriate measurement of the startle blink is a
priority for psychophysiologists (Berg & Balaban,
1999) . It is widely held that Electromyogram (EMG)
recordings of the obicularis oculi muscle provide the
best index of startle blink activity (Clarkson & Berg,
1984; Putnam & Roth, 1990) . It is commonly agreed,
however, that Electrooculogram (EOG) measures provide
an adequate index of the ASR (Anthony, 1985) . The few
studies that have incorporated both EMG and EOG
responses have generally suggested that the two
measures are equivalent (e.g., Putnam & Roth, 1990).
However, no published study ^to, date has utilised both
EMG and EOG responses to varying durations of
prestimuli. In this light, the claim that EMG and EOG
blink measures produce the same results is
unsubstantiated. The present work thus employs EMG and
EOG measures simultaneously in a range of conditions.
The aim of this research is not to uphold one
blink measure or the other as superior. Rather, the
author's interest is to display the responsiveness of
two measures of the ASR blink under various
experimental conditions. To demonstrate how information
from one channel may influence data collected in the
alternative channel, appropriate analyses will be
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performed. This will be done in the hope of enhancing
the reliability of ASR blink measurement.
Startle measures alternative to the eyeblink arealso commonly used in modern research, primarily heart
rate (HR) (Turpin, Schaefer, & Boucsein, 1999). Another
popular dependent variable is the skin conductance
response (SCR) (Balaban & Taussig, 1994; Filion,
Dawson, & Schell, 1994; Vrana, 1995) . Such authors as
Lipp et al. (1994) have endeavoured to show parallel
effects between the startle blink and one alternative,
SCRs, with mixed success. Startle research
incorporating the EKG has been more insightful overall,
having established a commonly recognised human startle
EKG response (Turpin & Siddle, 1978). A limited
exploration of EKG and SCR sensitivity to startle
stimuli is one aim of the present work.
Possible impacts of startle habituation
As previously noted, research of ASR and PPI
habituation has produced somewhat inconsistent results
(Lipp et al., 1994; Blumenthal, 1999). It is clear that
responses to both simple startle stimuli and
prestimulated startle tones habituate over trials
(Graham et al. , 1975). Studies of startle habituation
across a wide range of prestimulus intervals are not
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widely performed, nor are reports of the comparative
habituation rates of EMG and EOG startle measures. This
represents a deficiency in the contemporary study of
startle.
Studies of SEM have indicated that PPI habituates
significantly across trial blocks at short prestimulus
intervals (Lipp et al. , 1994). The habituation of PPF
effects has received less attention (Putnam & Vanman,
1999) . SEM effects tend to be less consistent when
longer lead intervals are used (Norris & Blumenthal,
1996) . Studies have indicated that this inconsistency
may possibly be due in part to habituation across
trials (Lipp et al. , 1994). A movement towards
resolution of this prestimulus habituation question is
an aim of the present study.
The recent findings concerning ASR habituation
indicate that the treatment of ASR data may need to be
re-examined. Although it is generally agreed that PPI
and PPF are evident with the first stimulus
presentation (Anthony, 1985; Hoffman & Ison, 1992),
most ASR researchers do not operate from this point of
view. ASR testing is largely an extended exercise. Most
experimental designs in this field employ several trial
blocks, and as many as 100 stimulus presentations, to
guarantee collection of enough suitable data (e.g.,
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startle

modification designs are often inconsistent, due to
signal noise, random blinks, blinks in response to
prestimuli, etc. (Hoffman & Ison, 1980) . With this in
mind, ASR testing sessions are regularly longer than
one hour in duration (Putnam & Roth, 1990).
Collecting such quantities of data may compromise
experimental validity. The data reported in such
studies are commonly within-subjects averages for each
experimental condition, across trial blocks (e.g.,
Graham & Murray, 1977) . Such a strategy does not
address the habituation that may occur over trial
blocks. Such effects have been demonstrated to vary
widely depending upon the prestimuli used (Lipp et al.,
1994). Prestimulus intervals known to cause PPI can
actually facilitate startle at later stages of an
experiment. Seen in this light, averaged responses
actually represent varying and inconsistent results.
The habituation of both general startle reactivity and
of prestimulus effects over such testing sessions
should be accounted for. Such an analysis is performed
within the present study.
If habituation can be proven to impact on
experimental results it is likely that protocol changes
could be made to emphasise or remove this effect. One
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such possible alteration is a reduction in the duration
of testing. If significant results can be obtained with
fewer stimulus presentations this would clearly be in
the interest of researchers. Such an abbreviated
protocol has already been employed successfully in
startle modification (Filion et al., 1994; Jennings,
Schell, Filion, & Dawson, 1996). Each of these studies
incorporated some 40 stimulus presentations. The
present study examines the feasibility of reducing this
number yet further.
If habituation plays a significant and consistent
role in prestimulus effects, an abbreviated
experimental protocol may establish new standards for
startle modification. Prestimuli may elicit responses
distinct from those commonly accepted to occur at both
short and longer prestimulus durations. Such a
discovery would be of certain use to researchers of
acoustic startle, and perhaps those interested in
clinical applications.
The Structure of This Thesis
The remaining chapters of this study are designed
to demonstrate alternative indices of the ASR, using a
limited stimulus presentation paradigm. Chapter 2
presents a review of brain anatomy, and addresses
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physiological mechanisms responsible for human startle
responses and their habituation. Chapter 3 is a review
of literature concerning ASR elicitation, inhibition,
and facilitation. Past studies of the ASR involving
animal subjects are reviewed. It is argued that the
data from these studies are highly complimentary to
those obtained in studies of humans. The effects of
stimulus and prestimulus duration and intensity upon
startle are then examined. Within this report,
particular attention is given to habituation of the
ASR. The proposed exploration of EMG and EOG startle
measures is justified, with general hypotheses about
cross-modal measurement of startle in various
conditions.
Chapter 4 describes Experiment 1 of the present
study. This experiment provides the first comparison of
EMG and EOG eyeblink measures, elicited by simple white
noise startle stimuli. Using 2 blocks of 9 stimuli, EMG
and EOG responses to 95 dB white noise bursts were
compared with regard to onset latency, peak latency,
habituation and peak magnitude. An inspection of the
general form of EMG and EOG startle responses is also
provided. Each response channel is viewed both
independent and dependent on the data collected in the
alternate channel. This is done to monitor the
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potential benefit of including more than a single blink
measure. To investigate the habituation of autonomic
ASR dimensions, HR and SCR measures were also taken and
analysed. This and the ensuing chapters dedicated to
experiments contain an introduction, methods, results
and discussion section for the research conducted.
Chapter 5 includes Experiment 2 of the present
study. Following upon Experiment 1, startle responses
to further simple stimuli were recorded, without use of
prestimuli. Experiment 3 includes analyses of EMG, EOG,
EKG and SC sensitivity to three stimulus intensities:
75, 85, and 95 dB. The habituation of all responses is
examined, as well as the interaction of stimulus
intensity and habituation effects.
Chapter 6 describes Experiments 3 and 4 of the
present study. Experiment 3 tested PPI effects across
nine trial blocks. As a means of establishing the
reliability of PPI elicitation, a popular SEM paradigm
was utilised. Only EMG data were collected for this
experiment, as this is the preferred form of startle
blink measurement. The interaction of response
habituation across trial blocks and SEM were noted. In
this manner, it could be determined how necessary was
extensive testing to render the effects obtained. The
impact of including startle responses with amplitudes
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of zero was also examined, as this has the potential to
affect the data analysed.
Experiment 4 used the same lead intervals as
Experiment 3, with the number of trial blocks reduced
by two thirds. Both EMG and EOG measures were utilised,
and a comparison of SEM effects between the two was
performed. It was hoped that the results of Experiment
3 would be replicated, within both blink modalities.
The dual data analysis procedure utilised in
Experiments 1 and 2 was used. This was done to test the
benefit of cross matching response channels within a
PPI study.
Chapter 7 describes Experiment 5 of the present
study, a further exploration of PPI effects. In this
experiment a single lead time was employed. By varying
the duration and number of prestimuli with 150 ms of
lead time, the sensitivity of startle blink responses
to short interval SEM was analysed. This comparison was
intended to confirm or deny the further compatibility
of EMG and EOG response channels as PPI measures.
Chapter 8 describes an attempt to gradually
produce less ASR inhibition, through the use of longer
duration prestimuli. Experiment 6, presented in this
chapter, employs prestimuli that are believed to
maximise inhibition, and others considered to produce
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mild startle facilitation. The comparative sensitivity
of EMG and EOG responses to these prestimulus intervals
is noted. Habituation of response amplitude and startle
modification effects over three trial blocks is also
studied, as a precursor to analysing EMG and EOG
startle facilitation.
Chapter 9 describes the final experiment of the
study. Within this seventh experiment, prestimulus
parameters commonly associated with startle
facilitation were used. The progressive facilitation of
EMG and EOG startle responses was tracked, with careful
attention to the point at which significant
facilitation was reached in each response modality. As
with the preceding experiments, analyses of all
habituation effects were performed. As Experiment 7
represented the only attempt to produce significant
PPF, it was decided that the tests utilised in
Experiments 1, 2, and 4 to determine the impact of each
blink channel upon the other should be performed. As a
gesture to make the design complete, the effect of
including zero responses was also analysed.
Finally, Chapter 10 presents a general discussion
of the research conducted. The EKG and SCR data from
Experiments 2 and 3 are put into perspective in the
representation of the ASR. The factor of prestimulus
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duration

is

discussed

extensively,

as

the

primary

determinant of response inhibition and facilitation.
EMG and EOG startle responses are addressed as simple
indices of startle as well as registers of temporal
summation. The utility of each response modality is
noted. The practicality and potential necessity of a
combined, EMG/EOG recording procedure is also
addressed.
Summary
The purpose of this thesis is to explore the
sensitivity of distinct physiological channels to
startle stimulation and modification. It is hoped that
by first replicating past research, a foundation for
novel exploration will be provided. By examining
startle responses independent of prestimuli, a more
complete understanding of the ASR within four response
channels (EMG, EOG, EKG, SC) could possibly be
obtained. The responsiveness of these four channels to
changes in stimulus intensity should complement any
findings achieved. Later experiments, which explore
prestimulus inhibition and facilitation of the startle
blink, should serve a dual purpose. First, an extensive
demonstration of EMG and EOG responsiveness to a wide
range of prestimulus and startle stimulus effects
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should be demonstrated. This alone would be a novel
contribution to the available literature. Any
significant effect of matching these two responses for
analysis would only accentuate these findings. These
experiments should also show the effects of an
abbreviated experimental protocol upon startle
modification results. Habituation of the ASR is a
considerable factor, and may impact on experimental
findings when limited stimulus presentations are
employed.
Ideally, this thesis should increase the
precision and efficiency of acoustic startle
modification recording. Sensitivity of different
measures of the startle blink will be clarified.
Moreover, pressing questions about habituation of the
ASR will be answered. Habituation and sensitivity of
some autonomic dimensions of startle will also be
briefly examined. The implications of these findings
should provide additional insight, and serve as a
suitable foundation for future research.
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CHAPTER II
PHYSIOLOGY AND STARTLE REFLEX MODIFICATION
Introduction
It has been demonstrated that the Acoustic Startle
Response (ASR) and modification of the startle blink are
produced by cellular activity within particular brain
structures. Reflexes are elicited largely within the
brainstem and circumvent the cerebral cortex (Davis et
al., 1982). The neuronal and chemical transactions
responsible for ASR are the subject of much contemporary
research (Davis, 1992a,b; Davis et al. ; Yeomans &
Pollard, 1993; Swerdlow & Geyer, 1993). These have
indicated that relatively short neural pathways are
involved. Davis has argued that direct projections from
the limbic system in the forebrain to motor nuclei in the
brainstem and spinal cord mediate startle effects.
Hitchcock and Davis (1991) have provided detailed
evidence indicating that startle is augmented by activity
within the amygdaloid complex of the forebrain. Described
in that study is a system known as the ventral
amygdalofugal pathway (VAF), which describes neural
connections between the amygdala and the startle reflex
centre in the hindbrain.

19

The neural bases of startle inhibition and startle
responses potentiated by fear have received a
considerable amount of attention recently (Davis et al. ,
1999; Swerdlow & Geyer, 1999). This research allows for
comparisons between the human ASR and that of other
mammals. Despite the simplicity of the primary acoustic
startle circuit and the VAF, distinct regions of the
human brain contribute to different dimensions of the
ASR.
It has been known for some time, that the ASR is
prone to high degrees of habituation over trials (Graham,
1973) . Later studies demonstrated that SEM effects can
and often will also change over trial blocks (Graham &
Murray, 1977; Lipp et al. , 1994). Research has
demonstrated that this process involves several brain
regions which deliver input to the brainstem (Cruikshank,
Edeline & Weinberger, 1992) and spinal cord (Davis,
1992a). Many of the neurological structures engaged in
ASR are not essential for startle modification (LeDoux,
Sakaguchi & Reis, 1984; Parham & Willott, 1990; Falls &
Davis, 1993; Hunter & Willott, 1993; Kim & Davis, 1993;
Swerdlow & Geyer, 1993; Campeau & Davis, 1995a,b;
Frankland & Yeomans, 1995). The brain structures and
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neuronal transactions involved in this process have been
detailed ( Campeau & Davis), and are discussed below.
Habituation of the ASR has recently become a topic
of considerable interest (Blumenthal, 1997). Graham
(1980) noted that the habituation effects common to SEM
are not a form of conditioning. Habituation of startle
responses to simple startle stimuli is different to
altered SEM effects over trials. The specific brain
structures responsible for the habituation of startle
effects are largely unknown, yet experimental studies do
provide some concrete suggestions. This area will
undoubtedly expand as the study of ASR habituation
progresses.
It is the purpose of this chapter to provide an
outline of brain physiology and anatomy germane to the
acoustic startle reflex. It is hoped that such a review
will provide a foundation for the review of ASR
literature provided in Chapter 3, as well as the several
experiments that comprise the bulk of this thesis.
Startle elicitation, SEM and habituation will be
addressed. This discussion will begin with a description
of the hindbrain region responsible for the ASR.
Reference to those other brain regions with some role in
ASR production or modification will then be provided.
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Brain Anatomy and Biological Processes
Information processing within the mammalian brain
is largely the product of neural integration. Neural
pathways from brain areas involved descend to the spinal
cord and motor nuclei to elicit various movements (Daum,
Schugens, Ackermann, & Lutzenberger, 1993, Davis,
1992a,b; Lingenhohl & Friauf, 1994). Authors such as
Davis et al. (1982) have shown that startle is elicited
by stimulation of brainstem nuclei, particularly
reticularis pontis caudalis (RPC) within the pons. During
ASR elicitation information is relayed from the auditory
nerve to this brainstem nucleus and other areas within
the hindbrain and midbrain. Motor nuclei and the spinal
cord are then activated to elicit movement.
The Acoustic Startle Circuit
Largely due to research with laboratory rats, the neural
circuit responsible for ASRs has been well documented.
Davis, Tischler, and Gendleman (1982) declared the AJ3R to
be the product of coordinated activity within three brain
regions: (1) the ventral cochlear nucleus (VCN), (2) the
lateral lemniscus (LL), and most importantly, (3) RPC.
These are all structures of the hindbrain.
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The Hindbrain
Reticular Formation (RF) structures within the
metenephalon and myencephalon comprise the primary
startle area (Figure 2.1). RPC is located within the
pons, as are facial motor nuclei. The lateral lemniscus
(LL) is within the Medulla (MD) and projects from here to
higher brain areas. Although the contribution of LL to
the startle response has been questioned recently (Lee,
Walker, & Davis, 1996) , it remains the primary source of
auditory information to the brainstem. Also within MD are
the superior olivary complex (SOC), the cochlear root
nucleus (CRN) and ventral cochlear nucleus (VCN). These
are crucial elements of ASR.
The Metencephalon
The cerebellum (CB)
This structure has been recognised by authors such
as Carlson (1994) largely as a coordinating center for
movement such as walking and fine motor skills. Landis
and Hunt (1939) hypothesised that projections from CB
through the red nucleus in the mesencephalon were of
importance in startle elicitation.
The pons
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Davis

(1992a,b), Davis and File

(1984), Fleshier

(1965), and Frankland and Ralph (1995) have
overwhelmingly indicated that ASR is due to pontine
activity. The pontine nucleus caudalis (PNC) within RPC
is the primary structure of concern in this region.
Authors such as Yeomans and Cochrane (1993) have shown
various forms of stimuli will trigger startle responses
when transmitted to PNC. By injecting glutamate
inhibitors directly into the PNC area, Krase et al.
(1993) showed that head and bodily components of ASR were
dose-dependently inhibited. Also, Miserendino and Davis
(1993) have shown that antagonists infused into PNC
depress ASR. It is clear that cellular activity within
PNC is involved in ASR elicitation.
The blink reflex is activated through stimulation
of the corticobulbar pathway, specifically the trigeminal
and facial nerves (cranial nerves v and vii). The
proximity of these nerves to RPC may explain the short
latency and high occurrence of eyeblink responses due to
startle. Davis (1992) has supported the hypothesis that
"direct projection" to these nuclei can account for
startle responses (p.39) as they transmit to the spinal
cord and activate appropriate musculature.

^
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Figure

2.1. Regions of the human Hindbrain:

(1) The

metencephalon (left), and (2) myencephalon (right)
(http://faculty.Washington.edu/chudler/nsdivide.html#cns)'

Manipulation of pontine activity
Many of the independent variables in ASR research
can be traced to activity within the pons. By directing
subjects' attention to certain stimulus variabls during
testing, the resulting startle reflexes are impacted
considerably. Researchers including Acocella and
Blumenthal (1990) and Filion et al. (1994) have shown
subjects' attention to a startle stimulus is highly
correlated with startle reactions. Cook, Hawk, Davis, and
Stevenson (1991) demonstrated aversive mood states
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produced elevated startle reactions. The work of AstonJones and Bloom (1981a, 1981b) provides a possible
explanation for these findings. Locus coeruleus (LC)
activity in the pons has been found to correlate with
vigilance and arousal. Using rats, it was demonstrated
that LC activity increased when subjects awoke or were
affected by an external stimulus. LC influence evidently
plays a role in much neural activity, and projects to all
regions of the brain and such structures as HC, TH,
cerebellum and more rostral hindbrain areas responsible
for reflex activity (Carlson, 1990, 1994) . It is also
situated quite close to RPC, and hence communications
between LC and RPC could occur more quickly and
efficiently. Despite the marked influence of pontine
activity upon ASR, the latter part of the hindbrain also
significantly influences startle activity. This refers to
the myencephalon, or medulla.
The Myencephalon
The medulla
Research strongly indicates that the medulla (MD)
has a central role in reflex activity. The RF carries
messages to and from the spinal cord largely through MD
transmission. Yeomans, Hempel and Chapman (1993)
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emphasised that electrically elicited startle is mediated
by synapses in the pons which transmit to MD. Frankland,
Scott and Yeomans (1995) have demonstrated that startle
is mediated by a serial circuit from the antero-ventral
cochlear nucleus to the contralateral MD. Yeomans and
Pollard (1993) have also suggested that synapses within
MD mediate efferent projections from AM.
Several structures vital for ASR are found within
MD. VCN, located at the pontomedullary junction, was
shown by Davis (1992) to be the first site activated in
the startle pathway. Lingenhohl and Friauf (1994) have
highlighted CRN as a probable contributor. Using tracers
it was demonstrated that direct projections from CRN
reached the pontine startle area. CRN projections to RPC
are very few in comparison with those from VCN.
Lingenhohl and Friauf argue that this is offset by the
fact that CRN neurons receive direct input from auditory
nerves, and synaptic endings on CRN cells are destroyed
by lesions of the auditory nerve (Harrison & Warr, 1962) .
Lingenhohl and Friauf point out that the location of CRN
peripheral to VCN indicates that CRN receives auditory
input earlier. CRN neuronal dendrites are also
particularly thick, which suggests they conduct
information rapidly (Desmond & Levy, 1988) . Finally,
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other

researchers

who

lesioned

the

cochlear

nuclear

complex to block ASR (e.g., Davis et al., 1982) found
that CRN was destroyed as well. Lingenhohl and Friauf
believe these findings indicate a vital role for CRN in
startle elicitation.
Other important medullary structures include SOC,
which contributes to sound localisation. The trapezoid
body of SOC corrects the differential time arrival of
stimuli to each ear. This is particularly efficient in
mammals due to the olivocochlear bundle, fibres efferent
to VCN which transmit to SOC. Auditory information is
carried upward from this region by means of LL, to IC in
the mesencephalon. MD is thus linked directly with the
midbrain. Glenn and Kelly (1992) emphasised the
importance of LL in eliciting ASR. Using kianic acid
lesions in rats, it was shown that lesions of the dorsal
nucleus of LL disrupted normal binaural.responses in the
contralateral auditory pathway. Lesions of other LL areas
had no effect. Davis (1989) has also shown that similar
neural activity is found within VCN, LL, RPC and
structures which efferent RPC axons enter en route to the
spinal cord. Lesions of these areas block startle
completely (Davis, 1990) .
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More recent research by Jirsa, Poc and Radii (1993)
indicates that auditory stimuli may be transmitted to
brain centres without passing through LL. In a study of
secondary triggering sources, it was found that
projections other than from LL entered the superior
colliculus or ventromedial hypothalamus and brought about
evoked responses. Thus while the structures of the
startle pathway are consistent in their functions, ASRs
do not involve a single, undisputable chain of events
within the nervous system.
The hindbrain is clearly the most important brain
region involved in the startle response. RF structures
within the metencephalon and myencephalon comprise the
primary startle area, and the medial cerebellum plays a
vital role in the ASR. RPC is located within the pons, as
are the facial motor nuclei, and structures within MD and
the pons account for sound perception arid transmission of
sound information. Moreover, the termination of RF at the
upper end of the spinal cord facilitates rapid
transmission between the brainstem and motor nuclei
within the spinal cord. Such neural transmission is
fundamental to the startle reflex.
The Process of Acoustic Startle
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Audition

is

one

of

the

more

complex

neural

processes due to the large number of nuclei and
connections required. Sound is first processed by the
auditory nerve and more specifically the spiral and
peripheral ganglion. These project to the cochlear
nuclei, including RCN and VCN. Most of the nerve fibres
exiting the cochlear nuclei connect ipsilaterally or
contralaterally with SOC within MD. The fibres cross in
the trapezoid body. Fibres efferent to SOC form LL and
ascend both ipsilaterally and contralaterally to the
mesencephalon. Here IC is activated and information is
projected to the MG/PIN regions of the thalamus, by way
of the brachium of IC. Projections from the thalamus
reach several areas, including AM and the auditory
cortex. AM projections run directly to PNC within the RPC
startle area and information reaches there within 5 ms of
activation (Rosen & Davis, 1988a,b). Messages from RPC
are conducted to the facial motor nuclei through the
corticobulbar pathway and to the spinal cord.
Startle is commonly elicited by more direct
pathways. As shown in Figure 2. 2, Davis et al. (1982)
and Rosen et al. (1991) have noted that very simple
pathways to RPC exist. As noted above, the latter of
these two studies utilised PHA-L anterograde tracing and
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initiated. This model clearly resembles that presented in
Figure 2.2.
A considerable breakthrough in the area has been
presented by Lingenhohl and Friauf (1994). Using rats, it
was demonstrated that giant PNC neurons form a neural
interface with the cochlear nucleus and cranial and
spinal motorneurons. This implies a far more simple
startle pathway, involving only three relay stations. If
these data are reliable, it would seem that ASR
elicitation does not require structures beyond the
hindbrain. Further experimentation using this model is
warranted before further hypotheses can be formed.
Many hypotheses have been offered as to the process
of startle elicitation, and the various structures
involved. As this matter has not been definitively
resolved, the available data indicate several
opportunities for further research beyond the scope of
the present study. The present study is more concerned
with the accurate measurement of the response itself, in
particular the startle blink.
Other Contributors to ASR Activity
Despite the evidence that startle reponses are
produced strictly through hindbrain activity, startle
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researchers

have

always

believed

that

the

ASR

was

governed by alternative brain regions. Perhaps the most
widely researched of these areas is the limbic system,
within the forebrain (Figure 2.3).
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Figure 2.3. The limbic system and surrounding structures
(from Carlson, 1999).

The Limbic System
The amygdala
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Papez

(1937)

and

MacLean

(1949)

believed

the

amygdala (AM), a central structure of the limbic system,
to be part of a brain circuit responsible for the
expression of motivation and emotion (Figure 2.3). This
hypothesis was supported at a physiological level by such
authors as LeDoux, Iwata, Cicchetti and Reis (1986) and
Davis (1992a,b) . It would seem that AM activation is
central to ASR modulation involving fear potentiaion.
AM stimulation results in neuronal activation
throughout the limbic system and neocorticies (Rosen et
al., 1992). Studies have shown athat AM stimulation also
brings about acetylcholine release from the nucleus
basalis into the auditory cortex (Metherate, Ashe &
Weinberger, 1990; Metherate & Weinberger, 1990). As a
consequence of this, neurons in this area become more
sensitive to auditory input. The implications of this for
SAR research are clear.
The influence of the amygdala on the startle
response has been the subject of much research. For
instance, Rosen et al. (1991) tracked a distinct neural
pathway from the central nucleus of the amygdala to the
pontine startle area. Lingenhohl and Friauf (1994a0
electrically stimulated seven AM neurons and subsequent
recorded activity within brainstem areas where startle is

34

elicited. It was found that six of the seven neurons in
question produced action potentials in the primary
startle area in the hindbrain. Direct projections from
this area to the spinal cord were also found. The ASR is
directly linked to AM activity.
The hippocampus
Authors including Kimble (1968) , Levy (1990) and
Turner and Herkenham (1991) have shown the hippocampus
(HC) to play a role in conditioning and startle (Figure
2.4). The first and third HC divisions (CA1 and CA3) are
most influential. Information storage and retrieval, and
transmission from HC to efferent structures, is due
largely to the perirhinal area (Turner & Herkenham,
1991) . HC projections to AM travel through this region.
Research done with rats by Campeau and Davis (1995a)
showed the perirhinal area to be required for nearly all
forms of the startle response. Kimble (1968) maintained
that DG is more crucial to registering stimuli, while
cells in CA1 and CA3 are associated primarily with
conditioned responses.
The Diencephalon
The diencephalon represents the brain's primary
stimulus processing centre. Within this area, Hitchcock
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and Davis (1991) believed the caudal lateral portion of
the hypothalamus was a possible contributor to startle
(Figure 2.5).

Figure 2.4. Primary regions of the Hippocampus
Carlson, 1999).

(From

The thalamus
The medial geniculate nucleus

(MG) and posterior

interlaminar thalamic nucleus (PIN) of TH are reponsible
for

auditory

information

processing

(Figure

2.5).
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Projections from this area are made to subcortical areas
including the primary and secondary auditory cortices,
the perirhinal cortex, and most notably the amygdala
(Canpeau & Davis, 1995a; Carlson, 1994).

Figure

2.5.

The

diencephalon

of

the

human

brain

(http://faculty.Washington.edu/chudler/nsdivide.html#cns).

According to researchers such as McEchron, McCabe,
Green, and Llabre (1995) , thalamus stimulation activates
AM. Using rabbits, neural reactions of CN were observed
as correlates of MG nucleus activity. It was shown that
MG units responded with shorter latency than neurons in
CN, leading the authors to conclude that the amygdala lay
"further downstream" from MG and TH (p.157). As shall be
seen, the primary importance of TH lies more
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predominantly in the decreased mean amplitude of startle
responses with repeated stimulation.
The regions of the brainstem more caudal to TH
contain areas essential to startle elicitation. Many of
these are found in the midbrain.
The Midbrain
Also known as the mesencephalon, the midbrain
contains structures within the tectum and tegmentum
essential for processing of acoustic stimuli (Figure
2.6). The inferior colliculi (IC) are located within the
tectum and represent a part of the auditory system.
Information is projected from here to the MG/PIN regions
of the thalamus, by way of the IC brachium. Davis (1990)
has indicated that lesions of this area block information
pertaining to the ASR.
The tegmentum includes the rostral end of the
reticular formation (RF), nuclei responsible for eye
movements, the red nucleus and periaqueductal (central)
gray matter (Figure 2.7). All these structures have been
linked with startle elicitation (Hempel, Si-Shun,
Chapman, & Yeomans, 1993; Hitchcock & Davis, 1991; Landis
& Hunt, 1939; Leitner, Powers, & Hoffman, 1980). RF in
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particular

plays

a

large

role

in

acoustic

startle

(Yeomans & Cochrane, 1993).

Figure 2.6. The human mesencephalon
(http://faculty.Washington .edu/chudler/nsdivide.html#cns).

The Reticular Formation
*

The primary structure responsible for startle (RPC)
is contained within RF (Davis, 1992a,b) . As it runs from
the upper border of the midbrain to the rostral end of
the spinal cord, RF receives sensory information from
structures within the hindbrain and midbrain, and
projects to the cerebral cortex, TH and spinal cord.
Lesions to RF impede startle elicitation (Jordan, 1989;
Krase, Koch & Schnitzler, 1993).
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Figure 2.7. A cross section of the mesencephalon

(From

Carlson, 1999).

Hitchcock and Davis (1986) disproved the hypothesis
of Landis and Hunt (1939) that the red nucleus is
essential to the startle response. Researchers such as
Leitner, Powers, Stitt and Hoffman (1981) demonstrated
that the lateral tegmentum is required for ASR and
startle by visual stimuli in rats. Fendt, Koch and
Schnitzler (1994) and Hitchcock and Davis (1991) have
indicated

the

midbrain

central

gray

(CG)

within

the
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central tegmentum is also vital. CG has been found to be
involved in processing aversive stimuli (Carrive, 1993) .
Fendt et al. (1994) demonstrated midbrain CG structures
play a role in sensitisation. By lesioning dorsal and
lateral CG regions in this brain area it was found that
ASR could be reliably elicited yet startle sensitisation
was completely blocked.
The role of the mesencephalon in ASR production is
hence quite pronounced indeed. The IC are part of the
auditory pathway and provide curcial input to the
diencephalon (Davis, 1990). RF traverses the area, and
several key nuclei involved in information exchange
pertaining to startle are found here. This supports the
hypothesis that while the ASR is a hindbrain reflex it is
the subject of many influences extraneous to that region.
The Physiology of Startle blink Modification
As modification of the startle blink represents the
bulk of this thesis, an account of the structural and
chemical processes responsible for SEM was deemed
necessary. As with the previous section, a brief
description of the structures involved is provided.
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Prepulse Modification
Research of the functional and chemical processes
responsible for SEM in humans has been severely limited
due to the invasive nature of such testing. The available
evidence indicates that modification of the startle
eyeblink is due to accessory ' stimulation at various
junctures of the startle pathway. Koch, Kungel, and
Herbert (1933) believed that prepulses activate VCN and
RPC, and one of these areas then activates cells in the
pontine tegmentum. Pedunculopontine nucleus cells then
directly activate and inhibit RPC, such that the startle
blink reaction to the following stimulus is diminished.
This neural explanation of the "interrupt" theory of
prestimulus processing has yet to be decisively proven.
However, it does provide a seemingly reasonable
explanation of the PPI effect.
The Forebrain
Swerdlow and Geyer (1999) have offered a model
which shows the influence of forebrain activity upon ASR
inhibition to be a predominant factor. Central to the
theory is the suggestion that the amount of PPI observed
is regulated by forebrain neural inputs from the limbic
system to the striatum and pallidum. Ultimately these
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inputs are communicated to the hindbrain, and the pontine
startle area. Swerdlow and Geyer believe that the neural
activity within the forebrain acted to "set the gain" for
PPI (p. 117). This process is described in Figure 2.8.
The Limbic Lystem
As with startle elicitation, limbic system activity
is considered to be vital to startle modification.
Salafia (1987) and Caine, Geyer, and Swerdlow (1991)
believed that the hippocampus played a role in SEM. Data
from the latter of these two studies showed that PPI of
both acoustic and tactile startle is disrupted by
infusion of carabachol into the hippocampus. The link
between SEM and the amygdala is considerably more
profound. Davis, Hitchcock, and rosen (1987) showed there
to be a direct projection from AM to the primary startle
circuit in the hindbrain. Several researchers of fear
potentiated startle have also traced PPF to the amygdala
(Davis, 1989, 1992a, 1992b; Rosen et al. , 1991). By
stimulating CN immediately before the presentation of a
startle stimulus, Rosen and Davis (1988a,b) enhanced
startle. In a later study, these same authors stimulated
various junctions between the auditory nerve and CN
(Rosen & Davis, 1990). Very brief (0.1 ms) stimuli were
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used, at various intervals before the onset of a 1 msec
pulse.

Results

indicated

that

the

0.1

msec

stimulus

primed AM such that the following stimulus resulted in
PPF. As with startle elicitation, facilitation of the
startle blink clearly involves AM activity.

Figure 2.8. A schematic offered by Swerdlow and Geyer
(1999) of hypothesised descending forebrain influences
upon

PPI.

Thick

arrows

indicate

serial

connections

between cortical and subcortical influences; thin arrows
indicate

possible

parallel

direct

converge within the pontine tegmentum.

influences

that
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The process of SEM is evidently aided by enhanced
communication between the forebrain and limbic system
elements. Within the nucleus accumbens exists an
interface of glutamatergic fibers from HC, the medial
prefrontal cortex. AM, and cingulate grus. This has led
Swerdlow and Koob (1987) to declare the nucleus accumbens
to be a "subcortical integrative 'hub,' connecting
forebrain and limbic structures" (p. 126) . Further
influences upon SEM are to be found in the midbrain.
The Midbrain
The considerable role played by the mesencephalon
in SEM is well documented, largely due to research with
laboratory animals. Structures within the mesencephalon
are required for acoustic stimulus processing (Davis,
1990) , the contributions of this area to SEM cannot be
denied. Within the tectum, IC receive both prestimuli and
startle stimuli. There is little doubt that activity
within RF contributes significantly to SEM. Besides the
role of RF in arousal, which would imply involvement in
PPF and fear potentiated startle, the central brain
structure responsible for the ASR (RPC) is found within
RF. PPI and PPF are thus both directly linked to this
area. As CG has been found to be involved in processing
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aversive stimuli (Carrive, 1993), it is most likely that
PPF depends upon stimulation from this midbrain area
also. The work of Fendt et al. (1994) concerning
sensitisation of the ASR also suggests that CG is
required for ASR sensitisation to occur, which implies
that this area plays a crucial role in the processing of
acoustic stimulus parameters in the noxious range.
The Hindbrain
The hindbrain appears to play as much a role in SEM
as in startle elicitation. Hindbrain regions are thought
to be responsible for PPI. During PPI an elaborate series
of chemical transmissions takes place, where axons within
the pedunculopontine tegmental nucleus (PPTG) ultimately
project to RPC. Lesions of PPTG decrease or eliminate PPI
in rats. Swerdlow and Geyer (1993, 1999) showed that such
lesions did not affect overall response magnitude, but
only the inhibition of startle. PPTG activation is
apparently an exclusive agent of PPI.
The available research suggests pontine stimulation
may account for both PPI and PPF effects. By stimulating
RPC and medullary reticular formation areas, Hempel et
al. (1993) showed that axons which produce 37% of
response efficacy cross from the RPC of one hemisphere to
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the other, a process dubbed symmetric collision. It is
suggested that differential activation of this pathway
may be responsible for inhibition and facilitation of the
startle response.
The Hempel et al. (1993) hypothesis could
potentially provide the physiological support for
Graham's (1980) model of prepulse processing. The
"interruption" effect depicted in that model may in fact
be a product of symmetric collision. By this same
reasoning, ASRs to control startle stimuli (no
prestimulus) would involve no such effects, whereas the
enhanced blink magnitude associated with PPF may be due
to symmetric collision of another sort. In such cases,
the activity within RPC may enhance prestimulus
processing, and the salience of startle stimuli. Such
activity could facilitate the startle blink.
The potential use of PPI as a diagnostic (clinical)
tool suggests that further experimentation in this area
would be worthwhile (Cook, 1999). Although the data
currently available on the neural bases of long lead
interval PPF are not as ample, it is possible to assess
which brain regions contribute to this effect. As shall
now be discussed, the reduction of startle magnitude over
trials is also a popular area of interest.
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Habituation
Hoffman and Ison (1992) highlighted habituation,
defined as the progressive reduction in response
magnitude across trials, as one of the hallmarks of the
ASR. This effect has been demonstrated in animals
(Leaton, Cassella, & Borszcz, 1985) as well as intact
humans (Hoffman & Ison, 1980). The mechanisms responsible
for habituation have been shown to be located within
brain areas also primarily responsible for startle
responses (Gonzalez-Lima, Finkenstaedt, & Ewert, 1989).
Whereas the general mechanisms of habituation have been
studied in detail, a detailed physiological analysis of
the habituation of SEM effects has not been performed.
This is most likely due to the uncertainty surrounding
the aetiology of SEM.
Several prominent theories of habituation exist,
and the differences between them are considerable.
According to the neuronal theory of Sokolov (1963), the
brain forms a physical model of repeated stimuli.
Subsequent stimuli are compared to this model, and
stimuli that do not match the model elicit substantial
responses. Incremental suppression of responses to such
matching stimuli due to successive presentation is
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offered

as

an

explanation

of

the

reponse

decrement

intrinsic to habituation processes.
Kandel and Schwartz (1985) have asserted that
habituation is due to homosynaptic depression of sensory
neurons on motor neurons involved in response
elicitation. With repeated stimulation, the influx of
calcium into such neurons was shown to be reduced. This
in turn caused less neurotransmitter substance to be
released by the sensory neurons involved. Synaptic
connections between motor and sensory neurons were
consequently depressed. A decrease in response magnitude
would be expected to occur in such circumstances.
Thompson (1986) argued that habituation is due to
long term potentiation (LTP), a learning process
comprised of biochemical processes, primarily dendrite
modification or "synaptic strenthening" within the
forebrain (Carlson, 1994 p. 454). NMDA receptors in areas
responsible for learning control calcium channels within
dendrite membranes normally blocked by magnesium ions. If
these cell membranes are depolarised by well-developed
synapses, magnesium is ejected from the ion channel. If
glutamate is present, the NMDA receptor is stimulated.
Calcium ions then enter the dendritic spine and make
structural changes. Calcium activates the enzyme calpain

49

(Perlmutter et al. , 1988) which breaks down the protein
spectrin. Spectrin supports the structure of dendritic
spines and once it is destroyed spines can be reshaped.
Lynch, Muller, Seubert and Larson (1988) maintained that
spectrin breakdown reduces electrical resistance between
the spine and the dendrite, which will facilitate
communication of postsynaptic potentials.
Desmond and Levy (1988) found that the area of
dendritic spines is enlarged in long-term potentiation,
increasing the capacity for information exchange (Figure
2.9). Stems connecting the spines with dendrites also
become shorter and wider, decreasing the distance for
information to be relayed and increasing the available
capacity for such transmission. Kim, Fanselow, DeCola,
and Landeira-Fernandez (1992) have maintained that longterm potentiation involves NMDA directly, whereas in more
short-term conditioning NMDA is bypassed.
The Hebb Rule (1949) represents an attempt to
incorporate the biology of LTP into a theoretical
framework. According to this theory, associative learning
is caused by stimulation of weak synapses by ones that
are stronger. In the wake of such occurrences, weak
synapses are strengthened and come to depolarise without
accessory stimulation.
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Researchers including Perkins and Tyler (1988), and
Chattarji, Stanton and Sejnowski (1989) have demonstrated
that the Hebb rule is a valid explanation of conditioning
at the cellular level. By monitoring neuronal activity in
the forebrain these authors have shown that simultaneous
activation of strong and weak synapses significantly
strengthened the latter.
Alternatively, Thompson and Spencer (1966) and
Groves and Thompson (1970) provided a dual-process theory
of the habituation process. According to these authors,
habituation and sensitisation represented different
processes - a pathway process and a state process. Both
were concurrently active and determined response outcome.
In this fashion, the reduction in response magnitude over
trials is due to habituation, but also to a reduction in
sensitisation to the experimental stimuli.
These theories provide a sensible explanation of
startle habituation. The cellular exchange described by
Cotman, Monaghan and Ganong (1988) and others may explain
much of what occurs during ASR habituation. The synaptic
strengthening involved in LTP may contribute to startle
habituation by facilitating information transfer. The
properties of startle stimuli, and whether or not
successive stimuli "match" (according to the Sokolovian
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model), may determine stimulus recognition and response
magnitude. In such a case, dual process theory would
dictate not only habituation but also sensitisation would
contribute to observed startle magnitude. The facilitated
information transfer due to LTP would enhance the
recognition of "non-matching" stimuli. Sensitisation
would occur in such instances. Likewise, matching stimuli
would produce responses of decreasing intensity with
further stimulus presentations.
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Figure 2.9. Shortening and widening of dendritic spines
as proposed by Desmond and Levy (1988).

Researchers of the ASR have supported Thompson's
LTP model as a viable explanation for startle habituation
(Hoffman

&

Ison,

1980)

and

conditioning

(Holland

&
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Gallagher, 1993; Campeau & Davis, 1995a). ASR habituation
is coordinated by brainstem activity, but involves all
the brain regions and is blocked in laboratory animals by
lesions to many neural structures and pathways (Holland &
Gallagher, 1993; Volpe, Davis, Towle & Dunlap, 1992). As
shall be seen, important brain areas that play roles in
startle elicitation and SEM also contribute to learning.
These shall now be addressed, progressing from forebrain
to the spinal cord.
The Forebrain
The limbic system
Structures within the limbic system evidently play
a considerable role in ASR habituation. In their study of
reactions to acoustic stimuli within the amygdala, Bordi
and LeDoux (1992) noted that the one class of cells that
responded to stimuli of high, startle level, intensity
habituated extremely quickly. On a similar note, Campeau
and Davis (1995b) later showed that acid CN lesions
attenuated conditioned responses to visual and auditory
stimuli, a further implication of long term potentiation
in habituation. Campeau and Davis were studying fear
potentiated startle, which no doubt heightened the
influence of AM. CN lesions evidently do not impede
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conditioning, but rather require a more intense CS thatn
would be otherwise needed (Weisz, Harden, and Xiang
(1992).
Although the amygdala appears to play a
considerable role in the progressive reduction in startle
amplitude , most authorities would agree that habituation
and LTP are predominantly functions of the hippocampus
(Thompson, 1986). Perkins and Tyler (1988) have
demonstrated the importance of CA1 and CA3 for LTP.
Earlier, Kelso and Brown (1986) differentially provided
two different weak inputs to CA1 in conjunction with
another, stronger input. It was found that the weak
inputs were strengthened through this association.
Notably, differential potentiation was found. That is,
only the one weak connection paired with strong input at
a particular time was strengthened, the other was not.
Other studies of HC offer similar insight.
Chattarji et al. (1989) demonstrated that neuronal
potentiation can be observed in synaptic transmission. To
test this idea, two sets of HC axons were stimulated: (a)
strong axons, connecting the dentate gyrus with field
CA3, and (b) weak axons arising from other pyramidal
cells in CA3. The former category of axon was strongly
stimulated and the latter received single pulses. It was
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found

that

when

both

categories

were

concurrently

stimulated the response of CA3 cells to weak axons was
increased. Such HC activity clearly conforms to the Hebb
(1949) rule, and provides a potential explanation for ASR
amplitude habituation.
Despite this bulk of evidence, studies have shown
HC is not essential for learning and habituation to
occur. Volpe et al. (1992) showed HC damage is not
directly correlated with performance in tactile and
spatial discrimination tasks. Schmaltz and Theios (1972)
provide additional evidence indicating the limits of HC
influence. Lockhart and Moore (1975) have indicated that
only lesions within certain regions of the area
containing HC, such as the medial septum, block
conditioning. The authors suggest that major aspects of
the associative network involved in reflex acquisition do
not require an intact HC and probably reside in lower
brain centres.
The Diencephalon
Research has shown that afferent stimulus
processing within the thalamus is of particular
importance to learning. Surprisingly, posttraining
lesions of various parts of the geniculate nucleus as
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well as the auditory cortex did not impede the reduction
of ASR amplitude across trials. It would seem that
although MG is involved in learning auditory stimuli, its
destruction does not impede the learning process.
Cruikshank et al. (1992) showed that stimulation of
PIN was an effective US for fear conditioning. The MG-PIN
area was discussed as "a locus of convergence" for
auditory information from the inferior colliculus and
somatic information pertaining to unconditional stimuli
(P.471) . The authors conclude that the MG-PIN area is a
critical component of ASR habituation.
The Midbrain
No doubt due to the role of the tectum and
tegmentum in processing acoustic stimuli, lesions of this
area block startle conditioning (Davis, 1990).
Functioning of the IC within the tectum is required for
information to reach the diencephalon, and activate the
conditioning functions of TH. The proper functioning of
RF is quite likely of greater importance to the
habituation process. Damage to this area impedes startle
conditioning, most likely due to the central role of RF
in ASR elicitation (Jordan, 1989; Krase et al., 1993).
The Hindbrain
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The

cerebellum

has

been

found

to

contribute

significantly to acquisition of CRs (Daum et al., 19.93;
Hitchcock & Davis, 1986; Yang & Weisz, 1992) . Leaton and
Supple (1991) showed that medial cerebellar lesions
blocked long term habituation of ASR. Lesions of the
cerebellar vermis and fastigial nuclei blocked ASR
conditioning while lesions to lateral (dentate and
interpositus) nuclei did not affect long-term ASR
habituation. The authors conclude that the medial but not
lateral cerebellum is essential for ASR habituation.
This conclusion has received support from such
authors as Hitchcock and Davis (1986), Parham and Willott
(1990), Sears and Steinmetz (1990). Sears and Steinmetz
and Parham and Willott hypothesized that the interpositus
nucleus (IN) was the causative cerebellar mechanism in
reflex activity. Sears and Steinmetz showed lesions
anterior to IN and other cerebellar regions did not
prevent conditioning or decrease hippocampal activity.
Parham and Willott demonstrated that such blocking was
temporary in mice, as startle amplitudes eventually
returned to above-baseline levels one week after surgery.
It appears that the lateral cerebellum does contribute to
startle habituation, yet as Hitchcock and Davis (1986)
argue, is not required.
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Despite the central

importance of the hindbrain

regions that produce the startle reflex, the ASR is
governed by neural activity in all regions of the brain.
This fact makes the response more difficult to study on a
purely structural level, as it is impossible to study
such a multifaceted process simultaneously. The invasive
nature of much neural research pertaining to the ASR has
forced researchers to rely largely upon animal research.
The applicability of such data to the human brain will
always be tentative at best.
Unlike those dimensions of the ASR that can only be
studied on a neural level, certain behavioural components
of the ASR are exceptionally robust, and reliable. Landis
and Hunt (1939) declared the eyeblink to be a completely
reliable index of the startle response. Research since
that time has largely confirmed this hypothesis. This
thesis is largely concerned with two distinct measures of
the ASR blink.
Contemporary ASR Measurement Procedures
Recordings of eyelid movement provided by
electrooculogram techniques (EOG) as well as
electromyogram (EMG) recordings of the suborbital
palepabral orbicularis oculi muscle have been found to be
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reliable indices of the startle blink

(Putnam & Roth,

1990; Sollers & Hackley, 1997). As these two techniques
are central to the present work, their fundamental
elements will be reviewed.
The Electromyogram (EMG) Startle Blink
Orbicularis oculi activity as recorded by
electromyogram (EMG) is currently the predominant means
of recording startle responses (Blumenthal, 1995;
Blumenthal, Schicatano, Chapman, Norris, & Ergenzinger,
1996). Hammond and Dennon (1991) have detailed the
components of EMG startle blinks. The pale and red muscle
fibres of the obicularis oculi are spatially separated
and serve different purposes. The red fibres are
responsible for tonic activity, and the white fibres for
phasic movement (Anthony, 1985). With appropriate
amplifier gain, even quite small EMG blink responses can
be analysed. Figure 2.10 displays an integrated EMG
startle response.
EMG responses are commonly measured using two
electrodes placed upon a pre-cleaned area of the skin
beneath the suborbital obicularis oculi (Putnam & Roth,
1990). One electrode is placed directly beneath the pupil
of the eye, with the other 1 cm lateral (Lipp et al. ,
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1997) . Anthony,

Zeigler

and

Graham

(1987)

reviewed

reports of response latency within several laboratories
and suggested that responses commencing at latencies of
21-120 ms poststimulus should be included in analyses.
These

authors

similarly

recommended

that

the maximum

response value between 21 and 150 ms poststimulus be
considered

to

represent

response

magnitude.

These

parameters approximate those employed in many ASR studies
(Anthony, 1985).
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Figure 2.10. An integrated EMG startle blink.

Unlike EOG responses, EMG startle data are traditionally
integrated

during

recording.

According

to

Blumenthal
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(1998),

integration

can be

defined

as

"the

temporal

summation or accumulation of EMG activity" (p.160) within
a designated period, reflected in the time constant. Time
constants vary between laboratories, which is of some
concern, as it has been shown to attenuate the observed
EMG signal (Blumenthal, 1994). Fridlund and Cacioppo
(1986) have emphasised that time constants are of crucial
importance in ASR research. In their opinion, an
exceptionally brief time constant "will be too sensitive
to momentary fluctuations" (p.575) of the orbicularis
oculi, whereas a time constant of excessive duration may
"not be speedy enough to register signal peaks" (p.575),
and the true magnitude of responses may be
underestimated.
The Electrooculogram (EOG) Startle Blink
Although not as common as EMG, EOG startle blinks
have long been considered an appropriate measure of the
ASR (Anthony, 1985). A thorough review of EOG techniques
is provided by Oster and Stern (1980) . A measure of eye
movement, EOG is commonly used in research involving
Event Related Potentials. Eye movements contaminate the
signal of such responses, and thus EOG is commonly used
to gauge this phenomenon. For recording, one electrode is
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customarily placed above and below either eye in line
with the pupil. Each electrode is placed as close to the
eye as feasible without touching the eyeball.
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Figure 2.11. An EOG startle blink.

Due to the nature of EOG procedures it is also an
appropriate measure of eyelid movement during blinking.
Movement of the eyelid across the cornea triggered by
orbicularis oculi activity serves as a sliding resistor,
which significantly affects the recorded potential
difference between the retina and cornea. Known as the
Rider Artifact (Oster & Stern, 1980) , such measures have
been shown to render robust startle responses.
The physiology and response morphology of EMG and
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EOG responses are largely complementary. In efforts to
potentially enhance the precision of ASR research,
particular authors have urged that both measures be taken
simultaneously (e.g., Gehricke et al., 1997). An extended
review of these authors' results, and their rationale for
using both EMG and EOG measures is presented in the
following chapter. The advantage of simultaneous EMG and
EOG blink measures is obvious, however. Each measure
represents a distinct physiological phenomenon. As such,
recording both responses offers the opportunity to learn
yet more about the foundations of ASR production and
modification. While a neural comparison of EMG and EOG
responses is not included in this thesis, the reactivity
of each blink channel is explored under several
experimental conditions.
Summary
Contemporary research of various dimensions of the
ASR by such authors as Davis et al. (1982), Hitchcock and
Davis (1991), and Yeomans and Pollard (1993) has
demonstrated that definite neural pathways are involved
in startle responses. The VAF is found within the
brainstem and particular regions of the forebrain (Davis
et al., 1982). The spinal cord and motor nuclei initiate
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startle

responses, yet the afferent pathway

to these

structures is not precisely defined. Research employing
variable time intervals between prestimuli and startleeliciting stimuli would serve to illustrate the pertinent
anatomy and transmission responsible for startle
modification, but such studies are beyond the scope of
the present study.
The following chapter is designed as a complement
to the present review of physiology and neuroanatomy. The
available literature on modification of startle responses
is reviewed, aiming to provide a theoretical foundation
for the empirical contributions of this thesis.

64

Chapter III
REVIEW OF PSYCHOLOGICAL LITERATURE
ON THE ACOUSTIC STARTLE RESPONSE
Introduction
The Acoustic Startle Response is currently viewed as
an excellent probe of activity within the human central
nervous system (Davis, 1989; Rammsayer & Leutner, 1996).
The startle reflex is present in all mammals (Davis, 1984)
and thus, as demonstrated in the previous chapter, the
fundamental neurological bases of the ASR may be studied
(LeDoux, 1992). Authors such as Hoffman and Ison (1980)
have maintained the validity of cross-species comparisons.
Further exploration of the ASR and its properties could
promote a greater understanding of human psychophysiology
(Anthony, 1985).
Davis (1984) has argued that it is likely that the
ASR evolved as a defensive response, since its behavioural
pattern includes several reactions normally considered
protective in nature. These include eyelid closure, limb
flexion, and a transient increase in sympathetic output
(e.g., increased heart rate). The startle eyeblink bears
the two characteristics of an automatic sequence (LaBerge,
1981; Shiffrin, Dumais, & Schneider, 1981): (1) It does not
require controlled processing or attention; (2) When
appropriate stimuli are used, it is an obligatory response.
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Lundberg (1965) argued that despite the largely obligatory
nature of startle, influences from different levels of the
nervous system modify the response. Rimpel, Geyer, and Hopf
(1982) supported this hypothesis. According to these
authors, the fact that startle can be elicited in various
ways indicates that these different methods stimulate the
central nervous system in a common fashion.
Graham (1975) suggested that changes in the size and
speed of startle responses reflected the operation of
information control mechanisms within the nervous system.
PPI has been demonstrated by such authors as Hoffman and
Ison (1980) and Blumenthal and Goode (1991), who presented
innocuous stimuli of short duration at short intervals
before more intense (startle) stimuli. Graham, Putnam, and
Leavitt et al. (1975), Filion, Dawson, & Schell (1994), and
Jennings, Schell, Filion, & Dawson (1996) have demonstrated
the opposite effect. Using prestimuli of comparatively
longer duration, responses of greater magnitude than those
elicited by startle tones alone were produced. Further
exploration of startle modification might detail neuronal
activities that are currently unexplained. Such information
could aid in understanding central nervous system function.
Authors including Davis (1984) and Schicatano and
Blumenthal (1994) have studied habituation of the ASR as a
second measure of plasticity. Habituation is regarded as
the most basic of learning principles and serves a distinct
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adaptive purpose, the reduction of responses to repeated
stimuli (Davis). Startle responses have been demonstrated
to habituate rapidly, both to simple startle stimulation
and testing sequences incorporating prestimuli (Bolino et
al., 1993). An issue of greater contemporary importance is
the habituation of startle modification effects
(Blumenthal, 1997). Researchers such as Graham and Murray
(1977) have maintained that, as testing progresses, the
proportion of startle inhibition from control will
diminish. This issue has not been conclusively settled
(Blumenthal, 1999; Lipp & Siddle, 1998; Russo, Reiter, &
Ison, 1975). The current level of understanding is detailed
below.
If prestimulus effects are significantly altered
across trials or trial blocks, the number of stimulus
presentations used will be a considerable factor in the
overall results. Any distortion of SEM due to habituation
effects will most likely grow with testing duration (e.g.,
Lipp et al., 1994). This brings into question the
appropriate testing duration required to accurately or
representatively assess the properties of a given stimulus.
The present study is designed to explore this question.
Startle eyeblinks, as measured by Electromyogram
(EMG) techniques (Berg & Balaban, 1999) , have served as the
predominant ASR measure. The utility of EMG measures, as an
alternative to more invasive procedures (Graham, Strock &
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Zeigler,

1981),

has

been

demonstrated

over

decades of

research. It has been shown that the Electrooculogram (EOG)
technique is also an adequate substitute for more dated ASR
measurement strategies (Clarkson & Berg, 1984; Harbin &
Berg, 1983) . EMG and EOG recording techniques have been
shown to render similar data (Putnam & Roth, 1990),
although the comparative mean amplitude of the two channels
differs considerably. The sensitivity of EMG and EOG as
equal indices of the ASR has also been questioned (Gehricke
et al., 1997) . Using both EMG and EOG measures may enable
researchers to study the ASR in greater detail, and this
possibility should be explored.
Berg and Balaban (1999) have provided a contemporary
review of physiological processes involved in the startle
blink. These authors noted that a recent topic in startle
research is the distinction of startle blinks from other,
autonomic components of the ASR (Hackley & Boelhouwer,
1997). Much as different brain structures are responsible
for dimensions of the startle blink (Chapter 2) , it would
appear that distinct brain structures are responsible for
separate components of the ASR. Many studies of autonomic
ASR indices have been performed, yet many of these are
contradictory. Resolving such contradictions should be a
priority for ASR researchers.
The purpose of the present chapter is to provide a
psychological foundation for later experiments. To
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complement

the physiological

background provided

in the

previous chapter, a short background of the ASR and startle
research is provided. Published research germane to each of
the major issues to be tested (as noted in Chapter 1) is
then reviewed. A final summary mentions how existing
questions in the contemporary research might be resolved.
The role of the present work in such solutions is
suggested.
Background
The first commonly recognised research on the startle
response was conducted by Sechenev (1863/1965) . The impact
of this first effort was minimal, yet interest in human
reflexes was maintained by the work of Ivan Pavlov (1927,
1960) . Nervous activities had never been previously
examined "from the same point of view as those of other
organs, or even other parts of the central nervous system"
(Pavlov, 1927, p.3). The ASR was "rediscovered" by
scientists in the 20th century, perhaps most notably by
Landis and Hunt (193 9) . Before this time startle had been
widely regarded as elements of surprise, such as clenching
of the feet or hands, wrinkling of the face and screaming
(p. 8) . Landis and Hunt synthesised the available
literature of that time, and defined startle as a full body
response produced with short latency following loud
acoustic stimuli. Several elements of head movement were
found to occur, particularly the eyeblink (Table 3.1). The
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focus

of

the

authors wrote,

research
tt

was

largely

behavioural. As

the

The importance of the startle pattern is

manifold. It is important per se as a demonstrable
regularity in behavior, a predictable element to be
included in any account of the total behavioral repertoire
of the individual" (p.12).
Startle has been studied using several species of
subjects. Many of the most valuable findings pertaining to
ASR are founded upon research with laboratory animals
(Hoffman & Ison, 1980). The principles associated with
human startle modification apply equally to rats and
pigeons, although different measurement techniques are
applied to different species (Stitt, Hoffman, Marsh, &
Boskoff 1974) . Use of animals allows for more invasive
procedures to be performed. Experiments involving brain
lesions have enabled researchers to study brain anatomy and
the structures responsible for the startle response
(Swerdlow & Geyer, 1993; Swerdlow, Braff, Taaid, & Geyer,
1994). These data have been used to form hypotheses
pertaining to startle responses in humans.
Graham (1973, 1975), Turpin and Siddle (1979, 1983)
and Bohlin, Graham, Silverstein and Hackley (1981) have
shown that intense acoustic stimuli reliably elicit several
human autonomic responses. Graham (1975) hypothesised that
assessment of physiological indices during the period
between prepulse onset and startle tone presentation would
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be

worthwhile.

Later

research

highlighted

another

dimension, autonomic data recorded in the wake of startle
stimulation. Conclusions about certain autonomic elements
of the ASR have been disputed (e.g. Lacey, 1967; Obrist,
1968), and are discussed below. It is an aim of the present
study to address some of these apparent contradictions.
Startle stimuli
The classic human startle studies of the 1930s
employed acoustic stimuli exclusively. Subsequent studies
have largely employed the same method. Alternative means of
startle elicitation include flashes of light, and cutaneous
stimulation of three varieties: (1) puffs of air (Hackley &
Graham, 1987), (2) mechanical taps to the forehead
(Delpezzo & Hoffman, 1980), and (3) electrical stimulation
applied to the supraorbital region of the face (Boelhouwer,
Teurlings, & Brunia, 1991). Very few published studies have
incorporated visual startle stimuli. Berg and Balaban
(1999) reviewed the available research in this area, and
noted that blinks elicited using visual stimuli are
remarkably smaller than auditory-elicited blinks (Hackley &
Johnson, 1996). Schwartz, Hoffman, Stitt, and Marsh (1976)
showed that light flashes could yield results commensurate
to tones when used as prestimuli. Two other studies by
Hopf, Bier, Breurer and Scheerer (1973), and Yates and
Brown (1981) have revealed certain parameters governing the
visually-elicited startle response. Berg and Balaban
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Table 3.1.
Components of the human startle response (Landis & Hunt,
1939).

Element

Probability

Eyeblink

100%

Head

88%-94%

Trunk

50%

Arm (R)

19%

Arm (L)

31%

Elbow (R)

25%

Elbow (L)

38%

Lower arm (R)

25%

Lower arm (L)

38%

Hand (R)

13%

Hand (L)

25%

Knee (R)

31%

Knee (L)

38%

Abdomen

31%

Trunk

50%

believed

these

latter

two studies did not

conclusively

establish the elicitory capacities of visual stimuli as
compared to tones or white noise. The few published studies
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employing visual startle stimuli indicate that this means
of stimulation may not yet be sufficiently understood to
warrant extensive experimental use. Berg and Balaban also
reviewed the comparative effectiveness of cutaneous stimuli
as elicitors of startle. Electrical stimulation was
declared the most reliable method, but these authors
expressed doubt that responses elicited by cutaneuous
stimuli could be considered true startle responses. Other
researchers, such as Harbin and Berg (1983) , cast similar
doubts upon the utility of airpuff startle stimuli. Perhaps
the inconsistencies in these alternative (non-auditory)
means of startle stimulation led Anthony (1985) to assert
that acoustic startle stimuli bring about more reliable
responses than visual or cutaneous stimulation, and are
thus more valuable for research purposes.
Startle Elicitation
In human subjects, 90 dB acoustic stimuli with rise
times of 10 to 12 ms produce reliable blinks (Anthony,
1985) , although reliable blinks have been reported by
authors such as Blumenthal and Goode (1991) with stimuli as
mild as 70 dB. Startle responses can be observed in rats at
latencies of 10 ms (Ison, McAdam, & Hammond, 1973) , at
about 20 ms in pigeons (Stitt, Hoffman, Marsh, & Schwartz,
1976), and between 30-50 ms in the human eyeblink (Berg &
Balaban, 1999). More intense stimulation has been shown to
moderately decrease response latency, to 20-25 ms in humans
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(Takmann, Ettlin,

& Barth,

1982). Likewise, Blumenthal,

Chapman, and Muse (1995) demonstrated that higher intensity
stimuli elicited larger and more probable responses.
The time within which an acoustic probe reaches peak
intensity ("rise time") has been found to directly affect
eyeblink activity (Vossel & Zimmer, 1992). The autonomic
components of heart rate responses (HRRs) and skin
conductance responses (SCRs) were unaffected. K.M. Berg
(1973) demonstrated that, as rise time was reduced from 30
to .3 ms, blink threshold was lowered. Graham (1975) later
supported this view: "The important characteristic in
eliciting blink appears to be how rapidly a stimulus change
occurs and not the total or peak energy within a stimulus"
(p. 239). Blumenthal and Berg (1986) showed that, as long
as startle stimuli are of sufficient intensity for
consistent blink elicitation, an increase in stimulus rise
time from .2 to 25 ms had a minimal effect on startle
responses. Only startle probes of lesser intensity require
rapid rise time to be effective (Blumenthal, 1988).
One current point of contention among researchers in
the domain of startle is the dual effect of prepulse and
startle tone manipulation. As stated by Hoffman and Ison
(1980) :
Regardless of the nature of the prestimulus
and the startle eliciting stimulus,and
regardless of the organism tested or the
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target response and the instruments used to
measure it, the presence of an inhibitory
prepulse subtracts the same amount from the
small or moderate response to a startleeliciting stimulus of weak or medium intensity
as it does from the relatively large response
to an eliciting stimulus of great intensity
(p.179).
According to this hypothesis, PPI is not affected by
the intensity of the startle stimulus used. Blumenthal
(1996) has since demonstrated that this is so, but only for
very high stimulus intensities. Using noise bursts and
prestimuli of 60 and 70 dB, it was shown that decreasing
startle stimulus intensity from 105 to 95 dB yielded no
difference in PPI. However, when startle tone intensity was
lowered from 95 to 85 dB, startle inhibition was
diminished.
Past studies have shown that the order and
consistency of prestimulation can impact on experimental
results (Dykman & Ison, 1979). Graham et al. (1975)
demonstrated that prestimulus effects are strongly
influenced by variables such as randomisation of lead times
and irregularity of presentation. When lead time intervals
become predictable, startle modification is vastly
diminished (Filion et al., 1994). This was also found to be
true for prestimulus modification of autonomic responses.
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Measurement Procedures
Several aspects of EMG and EOG startle blink data can
be analysed. As reviewed by Berg and Balaban (1999) ,
analyses of response onset latency and peak amplitude are
commonly found in the literature, as well as analyses of
response probability. Startle blink calibration differs
between studies, yet comparable results are commonly
reported (Blumenthal, 1998).
The Electromyogram (EMG) startle blink
Nearly all contemporary ASR studies employ EMG
recordings as the primary dependent variable. Due in part
to this, EMG recordings are commonly recommended (Berg &
Balaban, 1999) . Anthony, Zeigler and Graham (1987) reviewed
reports of response latency within several laboratories and
suggested that responses commencing at latencies of 21-120
ms poststimulus should be included in analyses. These
authors similarly recommended that the maximum response
value between 21 and 150 ms poststimulus be considered to
represent response magnitude. These parameters approximate
those employed in many ASR studies (Anthony, 1985).
EMG trials are commonly rejected from analysis, for
several reasons. Signal "noise" preceding stimulus onset is
one such rationale. If response signal shifts 50 or more
A/D units within the 100 ms prior to startle stimulus onset
this is commonly viewed as a rationale for trial exclusion
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(Lipp et al., 1994). In such instances it is assumed that a
response may already be in progress, and this activity
could bias any response to the following stimulus. Another
issue is the treatment of zero responses. Some of the
hallmark studies of ASR inhibition have included zero
responses within the data analysed (e.g., Graham & Murray,
1977) , and that is a common strategy in more recent work
(Putnam & Roth, 1990) . Other authors have elected to
eliminate zero responses from analysis (Blumenthal, 1996).
As Blumenthal explains:

Many people favor using zeros, which makes no
sense because even the inter-stimulus interval
noise floor is above zero. This will
artificially deflate the average magnitude.
Others prefer using the average of available
data. The available data are the best
predictor of what would have happened on this
trial had a response occurred, as past
behavior predicts future behavior (T.
Blumenthal, personal communication, 3 April
2001).

With a limited number of trials used in testing, the
inclusion of zero responses would promote the artificial
deflation of average response magnitude further still. The
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impact of including or rejecting

zero responses in ASR

research has not been settled definitively within the
avialable literature. To do so is one of the aims of this
thesis.
The Electrooculogram (EOG) startle blink
Notable published work has found EOG to be an
exemplary measure of the startle blink. Not surprisingly,
those studies used EOG techniques concurrently with the
preferred eyeblink measurement procedure of that time.
Clarkson and Berg (1984) recorded both "online" (EOG, p.
238) and "offline" (eyelid potentiometer, p. 238) data.
Results showed reflex modification to be highly analogous
between the two blink measures. Correlations between the
two measurement techniques were significant in nearly all
conditions. As Clarkson and Berg were interested in the
comparative effectiveness of EOG and potentiometer
responses to the same stimuli, only those blinks were
included that could be measured with both recording
techniques. Responses that could not be scored using both
EOG and potentiometer were excluded.
Putnam and Roth (1990) and Gehricke et al. (1997)
have performed more modern studies, using both EOG and EMG
techniques. As detailed below, both these papers emphasise
the merit of EOG blink data. The scoring window of 30 ms to
150 ms following startle stimulus onset proferred by Putnam
and Roth was effective in monitoring ASR activity. This

\
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designated time period generally represents the standard
reported by Anthony (1985).
The fact that reliable EOG data could be obtained
simultaneously with alternative measures only . draws
importance to this research technique. EOG is the only
contemporary ASR measure that still deals with actual
eyeblinks. This should lead researchers to perhaps consider
using EOG more regularly. The exaggerated magnitude of EOG
data can be troublesome, but this problem can be easily
resolved. Distorted EOG startle responses are easily
identifiable (typically abnormally large or small, with
abnormal morphology) and can be omitted from consideration.
More in-depth studies of EOG as an index of the ASR could
highlight this technique as valuable. One of the purposes
of this thesis is to potentially provide such information.
EMG/EOG Recording Strategies
Differences in EOG and EMG startle measures are
currently in dispute. Berg and Balaban (1999) have recently
argued that EMG is preferable to EOG, as the orbicularis
oculi movement intrinsic to EMG blinks is more reflective
of the neural activity responsible for startle. Gehricke et
al. (1997) have revealed that eyeblink saccades may
potentially overemphasise the true magnitude of the startle
blink, and produce elongated and exaggerated responses.
Putnam and Roth (1990) supported this view. Using varying
durations and rise times of 105 dB white noise bursts,
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subjects listened to two runs of 60 stimuli. EOG responses
were considerably larger than EMG overall (Fig. 3.1),
indicating a commensurate difference between EMG and EOG.
Despite this disparity in magnitude, the two blink channels
showed similar rates of habituation, response magnitude was
highly positively correlated with stimulus duration, and
equally negatively correlated with stimulus rise/fall time.
It would seem that despite the difference in overall
response magnitude, EMG and EOG measures are equally
sensitive to habituation and experimental conditions.
Gehricke et al. (1997) have offered a strategy
through which EMG and EOG can be utilised together to
increase experimental validity. These authors showed that
EOG often detects spontaneous blinks and eyelid saccades
that would be classified as ASRs if EMG were used alone. In
this spirit, Gehricke et al. advocate the use of EOG as a
control measure, in gauging the possible contamination of
EMG blink responses. Notably, these authors also mention
how inclusion of zero responses will bias the true nature
of startle blink data. In this fashion, they recommend
exclusion of trials that meet such a description.
One prospect that was not addressed in the Gehricke
et al. (1997) study is that of concurrent utility of EMG
and EOG blink measures as measures of startle. In the
fashion of Putnam and Roth (1990) , it would theoretically
be possible to utilise both blink measures as a standard
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could be used to detect EMG signal contamination. The
reverse would also be true, however. Early or nonexistent

EOG
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activity within the EMG signal could be used to remove
potentially contaminated EOG startle blinks.
Similarly, in the fashion of Clarkson and Berg
(1984), it would be possible to only analyse those EMG
responses that were matched with EOG responses, and vice
versa. For any particular trial, if either an EMG or EOG
response warranted rejection, the data in the opposite
channel for that trial could be rejected as well. In this
fashion, a better estimation of the comparative validity of
EMG and EOG techniques might be obtained. The present study
investigates the validity of this approach.

Autonomic Startle Responses
Sound triggers a relatively predictable set of
autonomic indices in humans (Shock & Schlatter, 1942;
Turpin, Schaefer, & Boucsein, 1999) and habituation to
sound has been found to be the same in populations with
vastly different sensory capacities (Bachar, Peri,
Halamish, & Shalev, 1993) . Such authors as Shock and
Schlatter (1942), Graham et al. (1975), Vrana (1995), and
Ornitz, Russell, Yuan and Liu (1996) have explored
autonomic dimensions of the ASR extensively. A considerable
amount of research has been dedicated to heart rate and
skin conductance responses to startle stimuli (Vrana, 1995;
Roth, Dorato, & Kopell, 1984). These studies have indicated
that heart rate and skin conductance responses are

\
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appropriate indices of the ASR, although many findings are
in dispute. Clarifying some of this discord is one purpose
of the present work.
The Heart Rate response (HR)
Heart rate responses have been a consistent variable
in startle research for decades. Skaggs (1926) maintained
the effect of startle upon heart rate was exclusively
inhibitory, resulting in a decrease in HR activity. This
opinion was maintained by Shock and Schlatter (1942), who
found consistent heart rate deceleration to sounds
characterised as startling. Notably, deceleration was not
correlated to the subjective degree of startle reported by
the subjects tested. These findings were later supported by
Ornitz et al. (1996).
As interest in the ASR began to grow, further
research using EKG measures was performed. In 1966, Graham
and Clifton reported short latency cardiac acceleration to
be a component of startle. O'Gorman and Jamieson (1977)
later found such short latency acceleration following three
distinct startle stimulus intensities, 80, 90, and 100 dB.
It was reported that 90 and 100 dB stimuli produced
significant HR acceleration. Notably, there were no
significant differences in amplitude or rate of habituation
between 90 dB and 100 dB stimuli. These data are displayed
in Figure 3.2.
Ornitz et al. (1996) suggested EKG responses were not
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correlated with startle eyeblink magnitude. However, other
authors have shown short latency acceleration of the
startle HR to be a robust phenomenon. Turpin and Siddle
(1978) used a limited number of trials to test the
sensitivity of HR responses to stimulus intensity. Using
stimuli of 60 and 110 dB in intensity, a reliable cardiac
accelerative response was detected within the first 10
poststimulus beats. Turpin and Siddle (1983) and Eves
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Figure 3.2. EKG responses to three- intensities of startle
stimulation (O'Gorman & Jamieson, 1977).
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and Gruzelier

(1984) produced similar findings using high

intensity stimulation. The latter study demonstrated
reliable short latency acceleration differences, which
differed significantly between the conditions of 112, 117,
122, and 127 dB. More recent findings suggest that such
sensitivity to stimlus intensity is restricted to very
hight intensity stimulation (Shalev et al., 1997).
Experiment 2 of the present work examines this hypothesis.
The Skin Conductance response (SCR)
Although it has generated far less interest than EKG,
researchers such as Vrana (1995), and Turpin et al. (1999)
have indicated that the Skin Conductance Response (SCR) is
a salient component of the ASR. Using SCRs as a complement
to EMG and HR startle measures, Orr, Solomon, Peri, Pitman,
and Shalev (1997) showed certain similarities between the
three measures. Startle stimuli comprised 15 tones, 500 ms
in duration and 95 dB in intensity. As Figure 3.3
demonstrates, the habituation of EMG and SC responses was
significant, whereas HR did not habituate. Nearly identical
findings were reported by Shalev, Peri, Orr, & Bonne
(1997) .
Roth et al. (1984) found such manipulation to be nonsignificant when simple startle stimuli were used. These
authors examined SC, HR, and EOG responses to 65, 80, 95,
and 110 dB tones during three task
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conditions. EOG startle responses grew significantly larger
overall due to stimulus intensity increase. EOG responses
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also

habituated

significantly,

growing

smaller

as

the

experiment progressed. Stimulus volume was not significant
overall in the HR responses, although cardiac acceleration
with 110 dB stimuli exceeded that of the remaining stimulus
intensities. Roth et al. reported SCRs to be "strongly
affected" by increases in stimulus intensity (p.470) . SCRs
also habituated significantly during each experimental
task. EKG data for the "passive" condition are displayed in
Figure 3.4.
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The plasticity of SCR and HR startle responses has
recently been supported by Turpin et al. (1999) . These
authors recorded behavioural and autonomic responses while
manipulating the intensity, duration and rise time of white
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noise

stimuli. Results

showed

that

increasing

stimulus

volume from 60 to 100 dB elicited significantly larger SCRs
and short latency EKG responses. Notably, both these
effects habituated across the 5 trial blocks used. Thus, as
demonstrated by Eves and Gruzelier (1984) and O'Gorman and
Jamieson (1977), acceleratory cardiac responses appear to
be sensitive to changes in stimulus intensity when high
intensity stimuli are used. These responses also habituate
over trials. In this sense both HR and SCR startle
responses complement EMG startle eyeblink data.
The current literature indicates that both eyeblink
and autonomic indices of the ASR are of use in startle
research. With less than 20 stimulus presentations, SC and
EKG startle components reflect the plasticity of EMG and
EOG startle elements. No major ASR study has incorporated
EMG, EOG, SC, and EKG measures, however. As such, the
comparative utility of response channels has thus yet to be
realised. This issue will be briefly examined in the
present thesis.
Startle Blink Research
Anthony (1985) has detailed how brief prestimuli can
radically alter the magnitude of startle eyeblinks. Other
factors, such as administration of startle stimuli in
pairs, may also inhibit responses. Ison and Krauter (1974)
demonstrated this effect and attributed it to a "refractory
decrement" (p. 420) determined by interstimulus interval
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and

the

comparative

intensity

of

the

first

stimulus.

Relatively small changes in the stimulus parameters
involved in such research can have remarkable effects
(Blumenthal, 1999).
Experimental work using prestimuli has persuasively
demonstrated the plasticity of the ASR in non-human mammals
(Hoffman & Searle, 1968; Ison & Leonard, 1971). Graham et
al. (1975) later showed that these principles applied to
human subjects. Responses were shown to habituate
considerably over trials (Russo et al., 1975) yet the same
degree of SEM was recorded. Shorter lead times, between 3 0
and 120 ms, significantly inhibited startle. Lead times in
excess of 120 ms were also found to inhibit the ASR, but
the effect was diminished.
Comparatively longer prestimulation produced larger
responses than trials on which no prestimulus was used.
Sanes and Ison (1983) showed Rl (primary, short latency
response) amplitudes increase over trials, reflecting
sensitisation, whereas R2 (secondary, longer latency
response) amplitudes decrease, reflecting habituation. Both
effects are reduced when shorter lead times are used.
Studies would later show that prestimulus duration had
little effect upon startle reactions (Hoffman & Ison,
1980) . It is suggested that with longer lead intervals
prestimulus duration will become a significant factor. This
possibility is explored within the present study.
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Prepulse Inhibition (PPI)
The magnitude of startle eyeblinks can be reduced if
startle-eliciting stimuli are preceded at short intervals
by other stimuli of lower intensities (prestimuli) (Graham,
1975). This effect is found whether prestimuli are of the
same or different modality to the startle stimulus
(Anthony, 1985) . Graham and Murray (1977) showed moreintense prestimuli reduced reflex blink size further. This
study, and others from the same period, also established
several parameters for ASR magnitude modification with
human subjects. Within certain parameters, prestimulation
reduces or inhibits startle eyeblink reactions. When the
amount of time between prestimulus onset and startle
stimulus onset exceeds certain defined parameters, this
inhibition is diminished.
Temporal summation
Graham (1979) considered ASR modification to be
largely regulated by transient system activation, a form of
temporal summation. It was maintained that prestimuli
possessed both transient and sustained properties. Graham
believed that brief prestimuli elicited only transient
processing, whereas longer prestimuli invoked sustained
signal processing. According to Graham's hypothesis, the
crucial component of prepulse modification was not the
duration of a prestimulus or the number of prestimuli used,
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but rather the temporal summation which occurred between
the onset of prestimulation and the following startle
stimulus. This latter period is commonly referred to as
Stimulus Onset Asynchrony - SOA (Blumenthal, 1995) .
Researchers have shown such temporal summation to be
a fundamental concept in ASR research. Marsh, Hoffman, and
Stitt (1973) showed that 1 ms startle stimulus pairs
separated by various intervals between 3 and 11 ms brought
about identical startle amplitude. Temporal summation was
later shown to occur at SOAs as great as 35 ms (Blumenthal
& Berg, 1986). Blumenthal (1995) showed that prestimulus
number did not impact upon startle responses. This same
study showed that ASRs are determined by prestimulus
duration within a single SOA. PPI increases in accordance
with lead stimulus duration, reaching asymptote between 2050 ms (Harbin & Berg, 1983; Mansbach & Geyer, 1991).
Research conducted in the 1970s demonstrated the
effects of temporal summation in PPI. Such authors as Bloch
(1972), and Graham et al. (1975) revealed significant PPI
with 200 ms prestimuli. Data that would later be published
by Graham and Murray (1977) detailed effects of temporal
summation and prepulse inhibition. Nine trial blocks of
nine stimulus presentations were used, with SOAs of 30, 60,
120, and 24 0 ms. These intervals were used on the
assumption that they might represent "the period likely to
produce peak inhibition in the human subject" (p.109).
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In order to test temporal summation, two types of
prestimuli were used. One group were 20 ms in duration.
Following each 20 ms prestimulus, a variable amount of
silence was inserted, the sum of which was added to the 20
ms prestimulus to comprise the SOA. In theory, such
discrete prepulses would elicit transient processing of two
varieties. The onset of prestimulation would activate
transient onset processing, whereas prepulse offset would
signal transient offset processing. The second prestimulus
type, labelled "continuous" (p. 109) represented steady
tones lasting the entire prestimulus interval until startle
tone onset. It was reasoned that this latter type of
prestimulus would incur sustained processing, yet would
yield similar effects to discrete prestimuli due to
temporal summation (Harbin & Berg, 1983) .
Results indicated that Continuous and Discrete
prestimuli were in fact equal in their effects (Figure
3.5). PPI increased steadily across 30 and 60 ms intervals.
The effect peaked at 120 ms and decreased thereafter. These
data reveal an asymptote for startle blink inhibition. They
also imply that increasingly larger SOAs in excess of 120
ms will show further reductions in PPI. The available
research indicates this to be true (Graham, et al., 1975;
Jennings et al., 1996).
Many researchers have questioned the popular belief
that PPI is eliminated with 400 ms of lead time. Graham et
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al.

(1975) tested startle responses using SOAs of 200 and

800 ms, plus more extensive intervals. PPI at the 200 ms
interval was significant, and equal with both discrete and
continuous prestimuli. At the 800 ms interval response
magnitude came to surpass control levels, but only slightly
(Figure 3.6). These results do not support the notion that
400 ms of prestimulation will eliminate PPI. Rather, it
would seem that considerably more prestimulation is
required.
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A later study by Norris and Blumenthal

(1996) once

again brought into question the effects of long duration
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SOAs upon PPI. In this study, SOAs of 30, 120, 480, and 800
ms were used, with a control condition of a single, 100 dB
white noise stimulus. Prestimuli were of low (3 00 or 800
Hz) or high (800 or 1300 Hz) frequency, and subjects were
instructed to identify the intensity level of each
prepulse. As Figure 3.7 demonstrates, a small degree of PPI
was
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Figure 3.6. Startle responses with a range of prestimulus
durations (Graham et al., 1975).

detected even at the longest, 800 ms interval. Startle
amplitude was significantly less than control at each of
the first three SOAs. Thus, when attention was directed to
a stimulus modality congruent with the startle stimulus
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used, an SOA as long as 480 ms brought about significant
PPI. Norris and Blumenthal's conclusion, that "prepulse
effects on startle responding are probabilistic, not
certain" (p.166), highlights the need for more research in
this area. It would appear that the claim that PPI is
reduced to zero with 400 ms of prestimulation is premature,
and perhaps overlooks salient variables which can influence
prestimulus effects.
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Prepulse Facilitation (PPF)
PPF is found using particularly brief or long
prestimulation, and with alterations to prestimulus
intensity (Putnam & Vanman, 1999). The findings of Graham
et al. (1975) indicate the SOAs at which PPI would cease,
and PPF begin. Significant PPI was recorded with 200 ms of
lead time, with progressive increase in PPF effects using
SOAs of 800, 1400, and 2000 ms (Figure 3.6). Significant
PPF was obtained with 2000 ms of prestimulation, yet the
degree of PPF was different for continuous and discrete
prestimuli. The authors proposed that where discrete
prestimuli were capable of activating transient system
processing, continuous prepulses activated processing of
sustained prestimulus properties. Perhaps due to this
study, later researchers seeking to elicit PPF have
employed a 2000 ms SOA interval (Filion et al., 1993, 1994;
Jennings et al. , 1996; Lipp et al., 1994; Schell, Dawson,
Hazlett, & Filion, 1995).
As an explanation for the facilitation effect,
Jennings et al. (1996) stressed that the degree of PPF was
positively correlated with cognitive demand. The
progressive effects of incremental lead time parameters
were believed to reflect "high level processing," active
contemplation of prestimulus parameters which grows greater
in accordance with lead time duration (Graham, 1975,
P.243) . This reasoning agrees with Graham's (1980)
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sensorimotor

gating

theory.

In

this

sense, high

level

processing is made possible by diminished or absent
prepulse processing at the time of startle stimulus onset.
The aversive properties of startle stimuli can be more
readily detected under such circumstances. This in turn may
result in enhanced startle responses.
Many researchers of PPF have instructed their
subjects to allocate attention to particular aspects of
stimuli, to manipulate cognitive demand. Jennings et al.
(1996) measured startle blinks of subjects instructed to
count the number of times a particular prestimulus was
presented. Filion et al. (1993, 1994) had subjects attend
to one type of prepulse and ignore another. This sort of
manipulation leads to greater PPI with shorter, PPIinducing SOAs, and greater PPF with SOAs that elicit ASR
facilitation. It would seem that cognitive demand activates
the potential ,of prepulses to modify startle, regardless of
temporal parameters.
Despite the acknowledged disparities of continuous
and discrete prestimuli in producing PPF, many contemporary
PPF studies simply include one prepulse variety or the
other (e.g., Blumenthal, 1997; Filion et al., 1994;
Jennings et al., 1996; Lipp & Siddle, 1998). This practice
may in fact neglect an important dimension of ASR
modification. The myriad variables (e.g., temporal
summation, lead stimulus intensity) affecting startle
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modification at inhibitory

intervals have been shown to

have different effects with longer SOAs (Graham et al.,
1975). ASR habituation with differential SOAs is also
largely unaccounted for.
Habituation
Response decrement across repeated stimuli is common
to physiological responses, except in the event of
abnormally intense stimulation (Stern & Sison, 1990).
Accordingly, Hoffman and Ison (1992) found a systematic
"decline" in response magnitude across trials to be a
hallmark of the ASR. Authors such as Russo et al. (1975),
Graham and Murray (1977), Chokroverty, Walczak and Hening
(1992), Cadenhead et al. (1993, 1996) and Lipp and
Krinitzky (1998), and have supported this hypothesis. Lipp
and Krinitzky showed that reductions of PPI across trials
are secondary to habituation of the startle reflex,
including when PPI was reinstated following dishabituation.
Ornitz and Guthrie (1989) analysed habituation of startle
across several sessions, spanning 5 days. Within this time
significant short-term and long-term habituation was
detected. Bolino et al. (1994) also tested startle response
habituation, across trial blocks. In a test of startle
responses to high intensity (90-116 dB) stimuli, responses
were found to habituate steadily, decreasing significantly
from trial block 1 to 8 (Figure 3.8).
Habituation is likewise detected in research designs
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testing

startle

modification.

Cadenhead

et

al.

(1999)

reported habituation of EMG startle responses across four
blocks of stimuli. Blocks 1 and 4 contained only startleeliciting stimuli and blocks 2 and 3 contained startle
tones and prepulse/startle tone pairs. As shown in Figure
3.9, steady habituation occurred. This reflects the
reliability of startle habituation, as stimulus conditions
did not remain consistent over the course of the
experiment.

25
<D

S 20
<u •H
+J 03
id

15
c
u SCD
«
2 io
id
a
CD
o
s a
1—1

CD

u
1st
TBI
TB4
Response number/average

TB8

Figure 3.8. Startle reactions to stimulus 1, and averages
of responses within trial blocks (Bolino et al., 1993).

The

Graham

and

Murray

(1977)

study

similarly

indicates the effects of habituation upon startle
responses. Across the 9 trial blocks used, these authors
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reported

significant

habituation.

Notably,

rate

of

habituation was greater in the control condition than
prestimulus conditions (Fig. 3.10). Habituation within the
shorter (30 and 60 ms) conditions was indistinguishable
from that of the control condition. Likewise, the
progressive response decrement across trials detected in
the 120 and 240 ms conditions was considerably less.
Hoffman and Ison (1992) regarded such habituation as one of
the primary factors impacting results in ASR research.
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1999) .

Although Lipp and Krinitzky

(1998) maintained that

any habituation of PPI was secondary to habituation of the
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reflex itself, others such as Lipp et al. (1994) have shown
how

that

habituation

can

impact

PPI

considerably

over

successive trials. Using continuous stimuli of 30, 60, 120,
240, 500, and 2000 ms in duration, habituation effects were
noted

across

control

4 blocks

condition

considerably

of 21 trials. ASRs

and
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lead time conditions were not as clear, as Figure 3.11
demonstrates.
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authors left open as to whether this reflects habituation
of PPI or actual habituation of the startle response. The
data

from

their

study,

however,

clearly

suggest

the

capacity of a prestimulus to modify startle can evidently
be reversed across trials, due to repeated exposure.
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(1996) argued the opposite, that PPI
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habituation was due to reduced output of the neural PPI
mechanism. Blumenthal (1997) has examined the phenomenon of
PPI habituation. Three trial blocks were first used, with
three experimental conditions, (a) 90 dB startle tones
alone, (b) startle tones with prestimuli of 60 and 70 dB in
intensity, or (c) 60 and 70 dB prestimuli with no startle
stimuli. In stage 2, all subjects heard control (startle
alone) stimuli as well as the PPI conditions using 60 and
70 dB prestimuli. Inhibition of PPI was measured across
three trial blocks with careful attention paid to which
group subjects belonged to in stage 1. This research design
would accomplish three ends. First, due to condition (a),
any reduction of PPI in stage 2 could be analysed as a
function of habituation to startle tones alone (stage 1) .
Next, condition (b) would demonstrate any reduction in PPI
as a proportion of control across the testing session.
Third, condition (c) would establish whether habituation to
prestimuli alone would affect their inhibitory potential in
stage 2.
Results showed no differences due to trial block,
prepulse intensity, or experimental group. ASR magnitude in
the prepulse + startle condition did habituate, but in
stage 1 only, and the proportion of PPI did not habituate
across trials. These data reflect the findings of Graham
and Murray (1977). Thus, presentation of successive startle
tones, and 60 and 70 dB tones independently, had no effect
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upon the ability of prestimuli to later inhibit startle.
Blumenthal thus maintained that the significant habituation
observed was due to decreased reactivity to the startle
stimulus and not habituation of the PPI mechanism. The
validity of this proposal will be tested in the present
study.
While the available research indicates the effects of
response decrement upon startle modification, the matter is
hardly settled. The conclusions of the available research
could be enhanced through further experimentation. A
paradigm utilising both EMG and EOG measures could enhance
current understanding further. A common pattern of EMG and
EOG response decrement across trials would help attain a
better understanding and characterisation of the ASR,
through different perspectives.
Habituation of autonomic startle measures
Graham (1979) maintained that rapid habituation of
autonomic indices was common to the ASR. This statement has
met with mixed support. Using four stimulus intensities,
Roth et al. (1984) reported that EOG blink and skin
conductance measures habituated significantly, while HRRs
did not. Ornitz et al. (1996) reported similar findings for
EMG and HR data, as did Shalev et al. (1997) and Orr et al.
(1997) . In the latter study, 15 tones of a single, 95 dB
intensity, were used. EMG blink and SCR habituation was
highly significant across trials, whereas the HR response
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did not habituate (Fig. 3.3).
Results of the Turpin et al. (1999) study are perhaps
yet more insightful, as they indicate the importance of
stimulus intensity in producing HR habituation. Using
stimuli of two considerably different intensities (60 and
100 dB), both HR and SC response effects habituated
significantly across 5 trial blocks.- (Responses in the 100
dB condition are visible in Figure 3.12.) HR habituation
across blocks did not differ statistically due to stimulus
intensity, but the two intensities produced considerably
different response patterns. Turpin and colleagues reason
that the 60 dB stimulus produced both ASRs as well as
orienting responses on early trials. This prospect
indicates that the elicitation of two distinct
physiological responses may have been responsible for the
overall habituation detected. It also calls to question the
stimulus intensity required to elicit reliable startle
responses. This question is explored further within this
thesis.
Future Directions for Startle Research
It would seem that despite the current knowledge of
the human startle response, several questions remain
unanswered. A thorough comparison of EOG and EMG eyeblink
measurement accuracy is absent from the body of literature.
Such an endeavour could establish the validity of past
research, and provide direction for precise ASR measurement
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in future studies. The present study is designed to provide
such a detailed review of EMG and EOG startle measures. The
reactions of each response channel to different stimuli
will be analysed, with a focus upon response habituation.
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Studies by

Putnam,

Butler

and Anthony

(1978),

(1995), and Ornitz et al. (1996) have provided evidence
that several autonomic measures serve as indices of startle
activity. To further analyse the autonomic startle response
and its habituation, a limited amount of skin conductance
and heart rate data are included in the present study. The
SCR and HR data collected will hopefully indicate the
responsiveness of these measures to habituation and

^

Vrana
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stimulus intensity. To test their utility as general ASR
measures, they will be compared with startle blink data
from EMG and EOG channels.
Ideally, the experimental data presented in this
thesis should assist researchers to more accurately assess
the ASR. Two of the autonomic indices which are
occasionally used by ASR researchers will be reviewed,
along with the primary, blink measure. This should further
reveal how sensitive are these measures to startle
elicitation and habituation. A better idea of the
responsiveness of alternative startle blink measures should
also be provided. It is hoped that by recording more than
one measure of the startle blink, the accuracy of ASR
testing can be enhanced.
Summary
Landis and Hunt (1939) hypothesised that the human
startle response was a useful probe of subjects' response
capacities. Later, more detailed testing revealed that the
ASR was highly malleable within several experimental
contexts. With prestimulation, the startle reflex is
modified significantly in several species. Due to temporal
summation, lead time duration is an effective agent in
modifying startle responses. While startle inhibition has
been widely researched, ASR facilitation has not received
as much attention. The exaggeraetd startle magnitude
witnessed using longer lead times is influenced by several

107

factors, and merits further exploration.
The decrement of startle responses over repeated
stimulus presentations is widely acknowledged. The effect
of repeated stimulus presentations upon startle
modification, however, is of considerable debate. Such
authors as Graham and Murray (1977) asserted that the
degree of PPI witnessed would habituate, growing less over
trial blocks. These -findings have received a small degree
of support (Lipp & Siddle, 1998), and the habituation in
this context has been detailed (Blumenthal, 1997).
Habituation of PPF has been generally found to be nonsignificant (Lipp et al., 1994; Lipp & Siddle, 1998).
Clarification of this issue using limited stimulus
presentations is an aim of the present study.
Researchers including Graham et al. (1975) and Putnam
et al. (1978) have emphasised a significant correlation
between the startle eyeblink and autonomic indices of
arousal. Such physiological measures may serve as a means
to better understand the central nervous system and human
reactions to startle stimuli. It is clear that startle
stimuli elicit significant skin conductance and heart rate
responses. SCR has been shown to habituate rapidly to
startle stimuli, but the circumstances in which HRRs will
habituate to startle stimuli are less clear, and so will be
briefly examined in the present work.
As reactivity to a control startle stimulus
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habituates, startle modification effects begin to change
(Lipp et al., 1994). One means of controlling for this
phenomenon is to use a limited number of stimulus
presentations. Such a strategy would reduce testing and
data analysis time. Monitoring the rapid habituation
inherent in such autonomic indices as SCR could also be
facilitated. The first two experiments of the present work
investigate autonomic and behavioural startle responses in
different experimental conditions.
This chapter was designed to provide, together with
Chapter 2, a foundation for the investigation of ASR
effects. The physiological background of startle provided
in the former chapter demonstrated that nearly all aspects
of the startle circuit have been researched. The
neurological bases for PPI and PPF are less certain, but
progress in this regard has been made (Swerdlow et al.,
1999) . The current chapter was intended to accentuate that
report, by discussing both general and specific empirical
investigations of startle effects. The similarity of
autonomic startle responses and blink measures is not
perfectly clear, especially using a dual channel blink
analysis. The evidence currently available implies that EMG
and EOG startle blink measures provide equal accounts of
the ASR, but the evidence supporting this hypothesis is
sparse. Many potential complicating factors (e.g.,
habituation, EMG/EOG compatibility across PPI as well as
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PPF) remain unassessed.
The experiments included in this thesis were designed
to explore these questions. ASRs will be elicited using
simple startle stimuli (no prestimuli) to explore
dimensions of EMG, EOG, HR, and SC startle responses. The
salient aspects of each response channel as they pertain to
the ASR will be reviewed. Following this, the spectrum of
SEM, ranging from mild to maximal PPI to significant PPF
will be elicited in both EMG and EOG measures. Experimental
paradigms used by other researchers will be used, as well
as original designs. The degree of compatibility between
the two blink measures will be ascertained, by viewing the
responses of each channel to experimental manipulations.
The goal of the experiments is twofold: (1) To note the
responsiveness of each blink measure to the startle stimuli
and prestimuli utilised; and if possible, to (2) use this
information to increase the efficiency and validity of ASR
testing.
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Chapter IV
EMG AND EOG EYEBLINK RESPONSES TO STARTLE STIMULI
(EXPERIMENT 1)
Introduction
One of the issues concerning the use of the Acoustic
Startle Response (ASR) as an index of information
processing appears to be the proper measurement of the
startle eyeblink. Recent research has shown that
alternative startle blink measures produce commensurate
effects (Sollers & Hackley, 1997). Others have highlighted
differences between alternative measures of the startle
blink (e.g., Gehricke et al., 1997). The latter study
stressed that both Electromyogram (EMG) and
Electrooculogram (EOG) startle blink data were required to
properly represent startle responses. The present
experiment was designed to test this hypothesis, and thus
potentially serve as a foundation for ASR analysis within
this thesis.
The evolution of ASR measurement begs the question as
to whether EMG is indeed the best measurement of startle,
and why alternative measures have since been discarded.
The limited reactivity of prior measurement techniques
(e.g., potentiometer) led researchers to select more
direct means of startle blink measurement (Hoffman & Ison,
1980) . EMG and EOG procedures, which involve simply
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placing electrodes near the eyes, render data comparable
to those collected using the potentiometer technique, and
impose considerably less upon the subject (Graham et al.,
1981; Clarkson & Berg, 1984). Graham et al. found a
correlation of +.91 between the stimulus/response
relationships derived from potentiometric and EMG
techniques within a startle paradigm. Clarkson and Berg
later obtained a significant correlation of +.47 between
potentiometer and EOG measures. It would appear that both
oribicularis oculi activity and eyelid movement as
measured by EOG represent proper measures of the startle
blink.
The preference for EMG recording of the ASR may be
due to problems in EOG recording, such as those noted by
Shackel (1967) . In that study, it was maintained that
small signal magnitude, skin potentials in the same
frequency band as EOG signals, and slow drift diminished
the value of EOG as a reliable measure. Similarly, Anthony
(1985) pointed out that startle responses can be
appropriately measured using EOG, yet EOG is a less
attractive ASR index since it is an indirect blink
measure, and often involves baseline variation.
While EOG is an indirect measure of the startle
blink, Shackel's (1967) criticisms can easily be negated
through careful planning and proper analysis of EOG data.
EOG magnitude in startle research has not been reported to
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be problematic (Putnam & Roth, 1990). The Problems created
by small EOG signal magnitude may be countered by
adjusting amplifier gain. Likewise, the effects of signal
noise due to skin potentials, slow drift or other sources,
can be minimised through filtering the EOG signal as it is
recorded. By specifying suitable high pass and low pass
filter parameters within the bioamplifier, unwanted signal
contamination can be minimised, if not eliminated.
The baseline variation that Anthony (1985) considered
to weigh against the use of EOG as a measure of startle is
common within alternative modalities, including the
preferred EMG technique. Researchers such as Hoffman and
Ison (1980) have detailed the standard means of accounting
for such signal "noise." In measuring startle eyeblink
responses, a constant baseline must be observed during the
period of 1-20 ms poststimulus for a response to be used.
Blinks which begin before this time period has elapsed are
discarded, as are those which immediately precede stimulus
onset and thereby distort the response signal. Authors
such as Blumenthal and Goode (1991) have reported that
this standard for blink measurement is functional for EMG
recording. If comparatively similar findings are obtained
in EOG responses, the practicality of using EOG as a
measure of startle cannot be denied.
In one notable study, Putnam and Roth (1990) compared
habituation and sensitivity of EMG and EOG startle
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responses, using white noise and tones of various rise
times and durations. It was discovered that when startle
stimuli between 3 and 90 ms in duration were employed, EOG
activity peaked between 99.1-102.5 ms after stimulus
onset, approximately 45 ms later than the EMG. Although a
thorough statistical analysis of EMG and EOG data was not
performed, the two measures of startle rendered seemingly
analogous results in magnitude and habituation. Anthony's
(1985) assertion, that EOG was an effective complement to
the EMG modality appeared to be supported.
Putnam and Roth's (1990) study indicates that further
exploration of EMG/EOG compatibility would be worthwhile.
Despite its comparisons about sensitivity and habituation,
the Putnam and Roth study did not statistically compare
the ranges of response onset or peak latency for EMG and
EOG responses following the startle stimulus. Possibly due
to the inclusion of alternative, EEG data, comprehensive
detail of the response parameters concerning the
progression of EMG and EOG response signal following the
startle stimulus was also omitted. A comprehensive
understanding of the ASR as measured by both EMG and EOG
is yet to be attained, and the situation should be
qualified before the two modalities are routinely employed
in startle research.
The use of both EMG and EOG startle responses would
appear to be a step towards increasing the validity of
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reported

startle

data.

Gehricke

et

al.

(1997)

have

presented data indicating that accurate measurement of
orbicularis oculi responses to startle stimuli may not be
feasible. These researchers showed EMG responses were
often contaminated by ongoing or slightly preceding eyelid
movement, detected by the EOG. It would seem that 90.2% of
the startle blinks recorded for that study showed earlier
oribicularis oculi activity than EOG activity. The rate of
blink contamination by EMG activity was not reported, yet
it was inferred that earlier activity within EMG would
inevitably result in diminished accuracy of blink
recording. As the authors write, "The recording of 0.0.
[orbicularis oculi] EMG alone would lead to inclusion of a
blink, the amplitude of which might be affected by the
preceding lid and/or eye movement" (p.3) . With this in
mind, Gehricke et al. proposed simultaneous recording of
EMG and EOG in measurement of the ASR.
The similarities of EMG and EOG facilitate
simultaneous recording. Electrodes are placed on the same
regions of the face (although EOG requires a supraorbital
recording site). The placement of electrodes for
concurrent, EMG/EOG recording is a matter of some concern.
Studies have shown there to be some discrepancy in blink
response latency between the left and right eye (Cadenhead
et al., 2000). This research has involved either emotional
manipulation of startle or of medical, genetic influences.
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Such elements

were not

included

in this

study, which

supports the belief of Takmann et al. (1982) that blink
latency does not differ between the left and right eye.
Both techniques can be used to sample the response signal
within the same time periods, and thus data analysis may
be done simultaneously. Once raw scores are standardised,
a direct comparison between the two measures can be made,
with attention to response magnitude, onset latency, peak
latency, and overall response area. The present experiment
was designed to compare the extent of compatibility
between EMG and EOG responses.
Autonomic measures of the ASR are a useful complement
to eyeblink data. While the eyeblink is clearly the most
popular index of acoustic startle, authors including
Graham and Clifton (1966), O'Gorman and Jamieson (1977)
and Turpin and Siddle (1978) have demonstrated significant
HR acceleration within 4 seconds poststimulus to be a
characteristic of the ASR. Eves and Gruzelier (1984)
showed HR to be sensitive to stimulus intensity changes of
as little as 5 dB. Similarly, Vrana (1995) , and Roth et
al. (1984) have also found skin conductance response (SCR)
activity within the first several seconds following
stimulation to be a reliable ASR component. The number of
studies incorporating autonomic ASR components is
constantly growing ( e.g., Vrana). An analysis of
autonomic ASR components may well enhance the relevance of
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an EMG/EOG startle comparison.
Graham (1979) has maintained that rapid habituation
is a hallmark of autonomic ASR indices. This point of view
has been challenged by Roth et al. (1984), who found rapid
habituation in SCR and EOG responses with no accompanying
adaptation in HR data. Later studies by Ornitz et al.
(1996), Orr et al. (1997) and Shalev et al. (1997)
rendered similar results. In the latter two studies,
significant EMG, SCR, and HR startle responses were
obtained to a 95 dB stimulus. EMG and SC responses
habituated at a similar rate across the 15 trials used. HR
responses, however, did not habituate across trials. This
lack of HR response habituation more closely represents
the defensive response than the ASR, as defined by Turpin
(1983) . In an effort to clarify these recent HR findings,
SCR and HR measures were included in the present
experiment.
Method
Participants
Fifteen subjects (nine females, six males; mean age
19.1, SD 2.1 years) participated in partial fulfilment of
the requirements of an introductory course in Psychology.
No subjects reported a history of hearing loss, and all
gave informed consent prior to the experiment.
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Design and Procedure
Each subject was presented with two trial blocks,
each containing nine 95 dB SPL white noise bursts. Startle
stimuli were 50 ms in duration, with instant rise time.
Between 25 and 35 seconds of silence existed between each
stimulus presentation (M = 30 s) . Acoustic stimuli were
generated using a Vibra 16C sound card and Sony F17 0
stimulus amplifier, and presented through Sony MDR-CD770
headphones. Subjects were seated in a comfortable chair
within a sound attenuated chamber, approximately one metre
in front of a 14" monitor. Upon the dark monitor Screen
was displayed a small white cross, 1" by 1" in size, as a
fixation point. Subjects were instructed to remain alert
and listen attentively. Testing required approximately 10
minutes.
Startle blink recording
EMG
For EMG recording, two tin electrodes filled with
conductance paste were placed directly beneath the pupil
of the right eye, upon the skin overlaying the orbicularis
oculi muscle. One electrode was placed directly beneath
the pupil, with the other placed 1 cm lateral to the
first. As a ground, a single electrode was affixed to each
earlobe. Using an Amlab recording system, these signals
were amplified with a gain setting of 50,000, to render
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easily detectable responses. Data were then sampled with a
12 bit A/D converter at a rate of 100 0 Hz and measured in
Microvolts. Passband filters for EMG were 90-250 Hz.
Response signal was fully rectified, and integrated at a
time constant of 10 ms. Data were stored and subsequently
viewed on an IBM compatible (4 86) computer.
EOG
Recording parameters for EOG were nearly the same as
for EMG, with the following exceptions. The two tin
electrodes used to collect EOG data were placed near the
left eye of each subject, one placed above and one below
the eye in line with the pupil. Amplifier gain was set at
5000, with a passband filter range of 3-35 Hz.
Autonomic data recording
Skin conductance data were collected from the distal
volar surfaces of the index and middle fingers of the nondominant hand, using silver/silver chloride (Ag/AgCl)
electrodes with an electrolyte of isotonic sodium chloride
(NaCl) in a viscous ointment base. Disposable, prejelled
Ag/AgCl electrodes were used to collect heart rate data
from mid-sternum and left chest areas. These data were
processed as mean HR in 0.5 s epochs relative to stimulus
onset.
Data Analysis
EMG and EOG signal was recorded for 100 ms in an
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effort to detect blink activity prior to stimulus onset.
Blink responses commencing within a time window of 21-120
ms poststimulus were analysed, and response amplitude
between 21 and 120 ms following blink onset was noted.
Responses occurring outside the selected time window in
both blink measures were discarded. Zero responses in
either of the two blink measures were also rejected. To
avoid empty cells, discarded data were replaced with
averages of the acceptable data from the trial block in
which the discarded response occurred (Blumenthal & Goode,
1991) . The number of such instances for EMG and EOG
responses was recorded, to note the utility of each
measure.
To provide a better estimation of the similarity
between EMG and EOG blink measures, several comparisons
were performed. First was a series of independent
analyses, in which all acceptable EMG and EOG were
analysed. An additional series of comparisons were also
performed. As the present study represents an effort to
examine the dual effectiveness of EMG and EOG responses,
it was believed that analysing data from the same trials
would be the most sensible strategy. As a result, this
latter group of matched analyses contained only data that
for any given trial could be included in both EMG and EOG
data sets. Findings from both the independent and matched
analyses are presented below.
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The substitution of averages for zero responses will
by definition underestimate response habituation. As
habituation was a dependent variable in the experiment,
the number of zero responses witnessed was monitored. A
comparison of the effects witnessed in EMG and EOG
responding was performed with zero responses included as
well as excluded.
Blink data were standardised, in an effort to reduce
between-subjects variability and account for the common
difference in EMG and EOG response magnitude. EMG and EOG
response onset latency was designated as the point at
which response magnitude surpassed 2 standard deviations
above a baseline of 0-20 ms poststimulus. Peak latency was
determined by noting the point at which integrated EMG and
EOG signal reached greatest magnitude within the selected
response window for each response. Peak blink responses to
the 18 stimuli were correlated within subjects; these were
transformed using Fisher's z and averaged, then inversetransformed to obtain the mean correlation across
subjects. The progression of EMG and EOG response signal
across time during startle blinks was also compared.
Averages of the temporal progression of EMG and EOG
responses were calculated for each subject, and
correlated. These values were transformed, averaged, and
then inverse-transformed to produce a mean correlation
across subjects. Differences between EMG and EOG onset
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latency and peak latency were compared using repeatedmeasures ANOVA procedures.
For the autonomic data collected, HR responses were
recorded as the maximum cardiac acceleration between 0.05.0 seconds following the startle stimulus. SC responses
beginning within the period of 1.0-3.0 seconds
poststimulus and which exceeded .05 fjS were analysed.
Results
Blink Data
Premature blinking
A total of 270 responses were recorded for the
subject sample. Analysis of eyeblink channels for 100 ms
prior to stimulus onset allowed for the detection of 3 0
trials that were then rejected. Of these, 11
(approximately 4% of the total) were excluded from
analysis due to excessive activity in the recorded EMG
signal. Another 19 responses (approximately 7% of the
total) were discarded due to premature EOG activity. Eight
of the same trials were rejected from both EMG and EOG
data sets (approximately 3% of the total data). The
effects of this seemingly differential EMG/EOG sensitivity
to startle stimulation are addressed below.
Zero responses
Only three zero responses were recorded. Two of these
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(.07% of all data) were EMG responses and one (.04% of all
data) was an EOG response. Inclusion of zero responses had
no significant bearing upon any analyses, and hence these
three responses were replaced with averages.
Blink Data: Independent Analysis
Onset latency
Significant deviation from baseline signal was
detected in EMG responses at approximately 45 ms
poststimulus onset (EMG, M = 43.74, SD = 6.45). EOG
responses commenced approximately 10 ms later (M = 56.33,
SD = 7.13) . This difference in onset latency between the
two measures was not significant. EMG startle blinks begin
at approximately the same latency following startle
stimulation as do EOG blinks (Figure 4.1).
Latency to Peak
EMG responses peaked at approximately 79 ms
poststimulus (SD = 12.4). On average, EOG responses were
found to peak nearly 3 0 ms later (M = 112, SD = 7.4). This
difference was highly significant (F[l,14] = 3 62.7, p <
.001). EMG responses peaked at varying intervals between
approximately 55 and 105 ms poststimulus. In turn EOG
responses tended to peak between 95 and 135 ms
poststimulus.
Habituation
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EMG
As noted in Figure 4.2, although EMG magnitude did
not decrease across trials (F [1,14] = 4.0, p = .065),
habituation was significant across trial blocks (F [1,14]
= 10.0, P < .01) . Hence, while EMG habituation was not
significant over the trials within each block, habituation
was significant across the 18 stimulus presentations used.
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EOG
Figure 4.2 also demonstrates pronounced habituation
of EOG responses within and between trial blocks.
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interactions of trial number X response type. Betweenblocks habituation did not differ between EMG and EOG
data. However, the combined EMG/EOG analysis indicated a
significant linear trials X trial block X response type
effect. Thus, the rate of habituation within trial block
differed across trial blocks for EMG and EOG measures.
This effect is visible in Figure 4.2. Within TB 1 in
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particular,

the

linear

effect

of EOG

responses

across

trials seems more pronounced than EMG. This effect is
reduced within TB 2.
EMG/EOG Response Correlations
The planned correlation of EMG and EOG response
amplitude across trials was nearly significant (inverse
transformed mean r = .514, p = .05), with values ranging
from -.15 to .82. The within-subject correlations across
time points revealed greater EMG/EOG compatibility.
Correlations of the two blink measures across time points
ranged between .48 and .92, yielding a significant mean
correlation (inverse transformed r = .73, p < .001). This
effect can be seen in the above figure (Figure 4.3).
Blink Data: Matched Analysis
Onset latency
EMG responses began at approximately 41 ms
poststimulus (M = 41.40, SD = 5.57). EOG responses
commenced approximately 7 ms later (M = 48.13, SD = 4.32).
This difference between the two measures was significant
(F [1,14] = 5.54, p < .05). The earlier onset of EMG
responses noted in the independent analysis thus reached
significance using the matched analysis strategy.
Latency to peak
EMG responses were found to peak at approximately 90

127

ms poststimulus

(M = 87.87, SD = 12.94). In turn, the EOG

data analysed were found to peak at approximately 110 ms
following stimulus onset (M = 111.60, SD = 6.21). This
difference was highly significant (F [1,14] = 87.17, p <
.001). Whereas the majority of EMG responses peaked within
65 and 110 ms poststimulus, most EOG response peaked
between 99 and 120 ms poststimulus.
EMG
As noted in Figure 4.4, those EMG responses which
were matched with EOG responses showed a significant
linear decrease across trials (F [1,14] = 6.37, p = .024).
startle magnitude decreased significantly across trial
blocks (F [1,14] = 10.99, P < .01).
EOG
Matched EOG data also showed pronounced habituation
across trials, as represented by a significant linear (F
[1,14] = 21.82, P < .001) effect. EOG data habituated
significantly across trial blocks (F [1,14] =24.15, P <
.001).
EMG/EOG analysis
As with the independent analysis, combined responses
decreased in magnitude across trials, as shown by a linear
effect (F [1,14] = 19.41 P < .001). Response magnitude
decreased significantly between trial blocks as well (F
[1,14] = 20.50, p < .0001).
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Figure 4.4. Matched EMG and EOG data across trials.

EMG/EOG response correlations
The correlation of EMG and EOG response amplitude
across trials was significant (inverse transformed mean r
= .54, p < .05), with values ranging from .44 to .83. As
demonstrated in figure 4.3, EMG and EOG response signals
yield highly comparable data using the matched analysis
strategy. Within-subject correlations across time points
ranged between .31 and .92, yielding a significant mean
correlation (inverse transformed r = .67, p < .05).

Matched vs Independent Analysis
The two data analysis approaches utilised in this

1
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The two data analysis approaches utilised

in this

experiment were compared, to determine any impact they may
have had upon the findings reported. No significant
differences were detected between them. Whereas certain
effects only reached significance when a particular
strategy was used (e.g., EMG/EOG onset latency
differences, EMG/EOG correlation across trials), the data
from this experiment do not imply that matched or
independent data should be examined exclusively.
Autonomic Responses
Heart rate
As displayed in figure 4.5, significant HR acceleration
was found to the startle stimuli employed (F [1,14] = 7.4,
P < .025), with HR peaking between 3 and 4 seconds
poststimulus. Overall HR acceleration was reflected in
significant linear (F [1,14] = 5.2, P < .05) and quadratic
(F [1,14] = 4.7, P < .05) trends over the data points. As
demonstrated in Figure 4.5, HR responses did not habituate
significantly within or between trial blocks. Although HR
acceleration did differ across trial blocks, due to
response variation this effect did not reach significance.
Skin conductance
Robust SCRs were also detected following startle stimulus
onset (F [1,14] = 41.3, P < .001). These data are shown in
Figure 4.7. Figure 4.8 reveals that SCRs habituated
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effect over trials

(F

[1,14] = 35.1, P <

.0001). SCR

magnitude differed between trial blocks (F [1,14] = 13.7,
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Figure 4.5. HR startle responses across two trial blocks

/\

s
PL,
PQ

*—-*
0>

3
2

(33
id

1

^3

o

0

PS
X

i

-2

4

5

6

7

8

9

J

Trial number
Figure 4.6. Averaged HR startle (max.
trial blocks.

responses across

131

P

<

.005),

perhaps

due

to

response

having

reached

asymptote, and a significant linear interaction of trial
number X trial block was detected (F [1,14] = 8.2, P <
.025). Skin conductance thus habituates remarkably
quickly.
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Figure 4.7. Mean SC responses across two trial blocks

Blink/SCR Habituation Analysis
As significant habituation was detected in both blink
modalities as well as SCR, a comparative habituation
analysis was performed between these three indices. Using
the blink data from the independent analysis, it was noted
that SCRs habituated significantly more quickly across

i

132

that SCRs habituated significantly more quickly across

0.5 -i

0.4
=1

•

0.3

3
4->
•H

«
~ -,
S> 0.1
o
S
W 0.0

"i

•0.1 J

i

i

r

1

r

I

I

1

123456789
Trial number

Figure

4.8.

Habituation

of

skin

conductance

responses

across trial blocks.

trials than did EMG

(F [1,14] = 2 4 . 4 , P < .00001) or EOG

(F [1,14] = 7.0, P < .025). This was based upon an
interaction of a linear trend over trials X response type.
The EMG and EOG data from the matched analysis showed
similar effects. SC habituated significantly more quickly
across trials than EMG (F [1,14] = 29.10, P < .00001.) and
EOG (F [1,14] = 22.34, P < :0001) in this instance also.
No significant habituation differences between the two
blink channels and SC were detected due to analysis type
(independent vs. matched). It would appear that valid
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made using either of the criteria employed for response
inclusion in this experiment.
Notably, the superior habituation rate of SCR was
impacted by trial block. Significant linear trial X
response type X trial block interactions were detected
when SCR was compared with the EMG (F [1,14] = 7.8, P <
.025) and EOG (F [1,14] = 6.1, P < .05) data from the
independent analysis. These results reflect that the
majority of SCR habituation occurred in TBI, while SCR
habituation was comparatively very small in TB2 (Figure
4.5). Comparisons of SC and blink habituation from the
matched analysis indicated that SC responses decreased in
amplitude significantly faster across trials than EMG (F
[1,14] = 6.94, P < .025), and significantly faster across
trial blocks than EOG (F [1,14] = 4.93, P < .05). SC thus
habituates considerably faster to startle stimulation than
does the blink.
Discussion
The findings of the present experiment can be
summarised as follows. First, despite large differences in
amplitude and latency factors, EMG and EOG startle blinks
are highly correlated, analysed either independently or
using responses to the same stimulus presentations. There
are some notable exceptions to this, however (see below).
Second, SC and HR autonomic responses are dynamic ASR
indices, but habituate differently from EMG and EOG
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startle

blinks.

HR

responses

showed

no

significant

habituation over trials or between trial blocks. SCR
magnitude decreased significantly overall but very little
habituation was noted in the second trial block. Third, SC
responses were found to habituate at a faster rate across
trials than either EMG or EOG, but this effect differed
significantly between trial blocks.
It would seem that exclusively analysing those trials
that provide both an acceptable EMG and EOG response is a
valid strategy. By using such data the researcher may view
ASRs to precisely the same stimuli from different
physiological perspectives. Such is the purpose of this
thesis. It should be noted that utilising alternative
criteria for response selection in this fashion can
provide insight into areas of the ASR which might
otherwise be ignored. Within the present experiment, the
EMG/EOG habituation differences detected with the
independent strategy were no longer significant when only
matched data were analysed. Likewise, EMG and EOG measures
were only significantly correlated across trials when the
matched strategy was utilised. Further, the matched
strategy revealed that EMG blinks commence significantly
earlier than EOG blinks. This may suggest a more expedient
or somewhat different sensory or cognitive process. Such
results beg for further investigation into the potential
of EMG and EOG as ASR indices. This is one of the purposes
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of the following chapters of this thesis. As the criteria
for response selection are obviously of importance, this
angle will be studied further.
The results of this experiment extend the findings of
several authors. Perhaps most notable among these are the
findings of Putnam and Roth (1990) . That paper
demonstrated EOG responses are considerably more robust
than EMG. Similar results were witnessed in Experiment 1.
However, as this factor was not of concern in the present
experiment, it was not of concern. The subsequent
experiments of this thesis do test response amplitude due
to alternative stimulation, however. For this reason, EMG
and EOG data are standardised in Chapters 5-9.
The present experiment also puts to question the
implications of the Putnam and Roth (1990) study. Despite
the overall difference in response amplitude, Putnam and
Roth reported similarities in EMG and EOG response
magnitude to progressive stimulus rise/fall time. The
analysis of EMG and EOG response progression within the
present experiment indicates that a definitive link
between these two measures requires more substantive
evidence. Although the morphology and habituation of EMG
and EOG imply that they represent the same phenomenon,
they do provide slightly different accounts of the ASR.
The results of the matched analysis make this point
clear. The delimited research paradigm utilised here may
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account for the lack of significant habituation noted in
EMG responses (independent data analysis). However, EOG
response habituation was significant in all analyses
(matched as well as independent data) . This points to EOG
as a particularly sensitive index of habituation.
Moreover, the statistical significance of EMG habituation
in the matched analysis bears certain implications. When
EMG startle responses are tested using a delimited
paradigm, EOG data should be collected as well. Such a
strategy would guarantee removal of EMG data that downplay
the true rate of habituation at work.
The present data set allows for a re-evaluation of
the claims made by Gehricke et al. (1997). As reviewed in
Chapter 3, those authors claimed that the fundamental
differences between EMG and EOG mandated simultaneous
recording of both measures. The data presented here to
some degree validate this claim. Several blink responses
detected within each blink channel to be inappropriate for
analysis were not detected as such by the opposite blink
channel. This calls to question the propriety of using
only one measure of the startle blink. Those ASR studies
in the literature using EMG measures may present and draw
conclusions from data that could be empirically
questioned. One of the contributions of this thesis will
be to ascertain whether this potential shortcoming in any
way compromises the utility of the past literature.
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The

autonomic

ASR

dimensions

tested

in

this

experiment also yielded data analogous to those of past
works. In a similar fashion to Graham and Clifton (1966),
Turpin and Siddle (1978), and Turpin et al. (1999), short
latency HR acceleration was shown to be a common startle
element. The findings of Orr et al. (1997) and Shalev et
al. (1997) germane to HR habituation were also replicated.
In the present study neither HR response progression or
overall response magnitude habituated significantly across
testing sessions.
The skin conductance startle responses reported in
the current work also reflect the general body of
literature. In accordance with Orr et al. (1997) and
Shalev et al. (1997), SCR was shown to habituate
significantly in the present study. This effect was so
pronounced that a significant difference was detected
between SCR magnitude in trial blocks 1 and 2. It is
likely that research of the SCR element of startle should
employ a limited number of stimulus presentations. In this
manner, reliable SC startle responses can be detected
before habituating to zero.
The comparative habituation rates observed between
the blink and autonomic responses are another issue of
concern. Habituation differences between SCR and blink
modalities were not reported by Lipp et al. (1994), Lipp
and Siddle (1998), Orr et al. (1997) and Shalev et al.
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(1997),

whereas

this

effect

was

found

to

be

highly

significant within the current study. This could be due to
several factors. The Lipp et al. and Lipp and Siddle
studies employed prestimuli, which has been demonstrated
to affect the rate of habituation (Graham & Murray, 1977).
The Orr et al. and Shalev et al. studies used a paradigm
nearly identical to that of the present experiment, but
used stimuli of considerably greater duration (500 ms in
the former study, 50 ms in the present experiment).
Prolonged stimulus duration has been linked with
progressively greater startle blink magnitude (Blumenthal
& Berg, 1986) . In this light, it seems likely that startle
blink and SCR habituation is also a function of stimulus
duration. Performing other experiments similar to the
present one but using stimuli of various durations may
highlight crucial differences between eyeblink and
autonomic startle measures.
The findings of the present experiment could be
utilised to further explore the ASR. First, EMG and EOG
responses to different types of stimulation could be
explored. Manipulations of stimulus intensity have been
shown to impact significantly on startle responses, and
their habituation (Davis & Wagner, 1969). Cross-modal
habituation of the startle blink has never been tested
under such conditions. The reactivity of autonomic
responses to changes in stimulus intensity are well
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documented

(Jackson, 1974; Vossel & Zimmer, 1992). The

habituation of such measures to stimuli of varying
intensities indicates that such manipulations hold promise
for future research. Such is the purpose of the following
chapter. By comparing EMG, EOG, HR and SC responses to
varying stimuli, the startle reactivity and habituation of
these four measures can be compared.
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Chapter V
STARTLE BLINK AND AUTONOMIC
RESPONSES TO STIMULI OF PROGRESSIVE INTENSITY
(EXPERIMENT 2)
Introduction
The correlation of stimulus intensity and ensuing
physiological responses is of fundamental importance in
experimental research (Groves & Thompson, 1970; Graham,
1973,1979). Sokolov (1963) argued that stimulus intensity
was a primary variable in response classification. Groves
and Thompson (1970) and Graham (1973) assumed this same
stance. These latter researchers also maintained stimulus
intensity to be a key determinant in habituation of the
ASR. Graham believed that more intense stimulation would
enhance the habituation process in acoustic startle, a
hypothesis that later research supported (Turpin & Siddle,
1983) . Past studies of habituation reached different
conclusions. At the time of Thompson and Spencer's (1966)
review, habituation to mild stimuli was believed to be
rapid, whereas strong stimuli were believed to produce
little or no habituation across trials. Clarification of
this issue would help provide a clearer picture of
habituation as it occurs in startle responses.
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Past research indicates the paramount importance of
stimulus amplitude in ASR elicitation. Using rats, Marsh
et al. (1973) and Marsh, Hoffman, Stitt and Schwartz
(1975) demonstrated that the ASR is sensitive to increases
in stimulus intensity. Blumenthal and Berg (1986) explored
the effects of stimulus intensity and frequency upon the
ASR. Stimulus intensity levels of 95 dB and 100 dB stimuli
were used. Frequency effects were studied by using white
noise and tone stimuli. As shown in Figure 5.1, It was
found that the 5 dB difference in stimulus amplitude
conditions produced highly significant differences in
blink magnitude. Notably, this effect was significantly
greater with noise as opposed to tone stimuli. Significant
stimulus intensity effects were also reported in
Experiment 2 of the same study, using 102 and 98 dB
stimuli. The experimental stimuli used differed by 1 dB
less in this latter case, indicating that stimulus
intensity is clearly a predominant factor in startle blink
elicitation.
The sensitivity of autonomic startle measures to
stimulus intensity has been widely studied (Roth et al. ,
1984; Ornitz et al., 1996; Turpin et al. , 1999). Graham
(1973, 1979) has argued that a combination of high
stimulus intensity and fast (or instantaneous) stimulus
rise time will elicit reliable cardiovascular startle
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components. Studies of the short latency accelerative HR
startle component reflect this belief. Turpin and Siddle
(1978) showed that 110 dB caused far greater acceleration
than 60 dB stimuli. These HR data were found to habituate
across trials. Later research by Turpin and Siddle
reported
105 dB

significant
and

90 dB

short-latency

stimuli, but

HR

found

acceleration
the

(1983)
with

opposite, HR

deceleration, with stimuli of 75, 60, and 45 dB. Response
habituation
general

was

decrease

also
in

significant,
cardiac

as

demonstrated

acceleration

across

by

a

nine
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trials. Stimulus amplitude was a significant factor in HR
response habituation across trial blocks. HR acceleration
diminished across trial blocks for 105 dB and 90 dB
stimuli while the deceleration observed with less intense
stimuli also waned. These data produced a linear
(intensity) X linear (trial block) interaction. Such
findings support the claims of authors, including Graham
(1973, 1979), who have argued that HR acceleration is a
hallmark of the ASR. Reliable HR acceleration is commonly
found in response to intense noise stimuli within 4
seconds poststimulus. Stimulus intensity is evidently a
crucial factor in production of short latency startle HR.
Studies of the SCR startle component have shown
pronounced similarities to startle HR studies. Earlier
research indicated that SC responses to startle stimuli
could be reliably produced (Davis, Buchwald, & Frankmann,
1955) . With stimuli of intensities too weak to elicit
startle, SCR magnitude and stimulus intensity are
positively correlated (e.g., Jackson, 1974). Turpin and
Siddle (1979) presented analogous results using
intensities of 45, 60, 75, 90, and 105 dB. As expected,
SCR magnitude grew significantly larger due to increases
in stimulus intensity. Moreover, response magnitude at the
two stimulus intensity levels commonly associated with
startle (90 and 105 dB) was significantly greater than
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that witnessed with less intense stimuli (45, 60, and 75
dB). The habituation of these two groups also differed
significantly. In contrast to Graham's (1973) hypothesis,
startle SCRs to 90 and 105 dB stimuli diminished
significantly less across trials than responses with the
three less intense stimuli. These findings match nicely
with the aforementioned data of Turpin and Siddle (1983)
concerning HR. Both SC and HR acceleration dimensions are
apparently activated with stimulus intensities in excess
of 75 dB. It would appear the habituation of both
responses is also largely determined by stimulus
intensity.
Studies employing both HR and SCR startle components
generally support this claim. Using a between-subjects
design, Turpin et al. (1999) found HR responses to be
sensitive to a change from 60 to 100 dB in intensity with
rise times of 5 and 200 ms. The expected short-latency
acceleration was observed with 100 dB stimuli, while 60 dB
stimuli produced general HR deceleration. Stimulus
intensity also affected HR habituation rates. Over 5 trial
blocks a progressive decrement in peak HR acceleration was
noted with stimuli of 100 dB, but not 60 dB. Such results
demonstrate clear support for Graham's (1973) habituation
hypothesis. It would appear that HR response habituation
is affected by stimulus intensity.
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The SCR results reported by Turpin et al. (1999) also
compliment past findings. Increases in stimulus intensity
from 60 to 100 dB created significantly larger SC
responses. SC responses also habituated significantly both
within and across trial blocks, albeit with no habituation
X intensity effect. These data support earlier work (e.g.,
Roth et al., 1984), indicating the considerable
sensitivity of SCR to habituation.
Roth et al. (1984) analysed startle reactions to 110,
95, 80, and 65 dB stimuli within EOG, HR and SCR
modalities. No significant habituation or stimulus
intensity effects were detected in the HR analyses.
Notably, the response deceleration that was later produced
in the Turpin et al. (1999) study using 60 dB stimuli was
not produced by Roth et al. using 80 dB stimuli. Rather,
Roth et al. found there to be no significant difference in
HR due to stimulus intensity. The experimental tasks of
the Roth et al. study did significantly impact on HR
acceleration, However. It would appear that the short
latency HR acceleration that is symptomatic of the ASR is
not a predominant function of stimulus intensity, but
rather of experimental task.
The SCR results reported by Roth et al. (1984) are
also noteworthy. Despite the use of a within subjects
design, SCR responses showed significant habituation
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across trials and sensitivity to stimulus intensity. EOG
startle blink data reflected similar effects to SCR, but
also rendered an intensity X trial (habituation) effect.
Of the three response channels selected, only the
habituation of startle blinks was affected by differences
in stimulus intensity.
A complete account of startle reactivity to varying
stimulus intensity clearly mandates data collection from
several channels. Turpin (1986) stated that "Future
research requires both autonomic indices and behavioural
and subjective measures of affective and information
processing" (p.l). Studies analysing autonomic responses
to varying startle inducing stimulus intensities have
largely excluded eyeblink measures. The current literature
also lacks a comparison of alternative blink measures with
autonomic startle responses. The available data suggests
such an investigation would be worthwhile.
The present experiment was designed to examine the
sensitivity of startle blink, HR and SCR startle
components to stimuli that are both below and above what
is commonly held to be the threshold for startle
elicitation. Stimulus intensities of 75, 85, and 95 dB
were selected. Turpin and Siddle (1979, 1983) noted that
stimuli of 75 dB and less were insufficient to elicit
significant startle responses. The 95 dB condition was
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chosen to reflect common stimulus intensity levels in ASR
research (Graham & Murray, 1977; Roth et al. , 1984). The
85 dB was chosen to further explore trends detected in the
Turpin and Siddle and Roth et al. studies. Turpin and
Siddle (1983) showed literally opposite HR reactions
depending upon differences of 15 dB (75 versus 90 dB) in
stimulus intensity. These same authors (1979) also
reported significantly different SCR magnitude with
stimulus intensities of 75 and 90 dB. The present design
was chosen partly to test the reliability of these
findings.
The work of Turpin and colleagues employed betweensubjects designs almost exclusively (1979, 1983, 1999).
This factor will naturally enhance any habituation
effects, as the use of a single stimulus condition will
more readily lead that stimulus to be perceived as
redundant (Thompson & Spencer, 1966). A within-subjects
design was employed within the current experiment, as
stimulus intensity effects upon startle have been studied
in this fashion using both rats and humans (Marsh et al. ,
1973, 1975; Blumenthal & Berg, 1986; Ornitz et al., 1996).
Moreover, Roth et al. (1984) showed that similar
habituation and intensity effects to the Turpin and Siddle
(1979, 1983) studies can be successfully replicated even
when the subjects are exposed to different stimuli.
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Verification of this claim could benefit future research.
Unlike Experiment 1, the present experiment was not
designed to inspect EMG and EOG signal progression across
time, the latency of response onset and peak, or
habituation within trial blocks. Such analyses were
incorporated into Experiment 1 to compare fundamental
parameters of EMG and EOG response progression. As
response onset and peak latency do not pertain to the
hypotheses posed in the present experiment these data were
not analysed. A longer testing protocol was selected for
the present experiment, to better test between-block
habituation.
Method
Participants
Fourteen subjects (eight females, six males; mean
age 20.5, SD 2.3 years) participated in fulfilment of the
requirements of an introductory course in Psychology. All
Ss reported no history of hearing loss and gave informed
consent prior to the experiment.

Design and Procedure
All experimental parameters used were identical to
Experiment 1, with the following exceptions. First,
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subjects were presented with three trial blocks of stimuli
(white noise bursts). Second, 75, 85, and 95 dB stimuli
were presented three times in each trial block (9 trials),
in random order. Testing required approximately 15
minutes.
Data Analysis
EMG and EOG blinks commencing within 20-200 ms
poststimulus were analysed. The peak value of these
responses within 20-120 following blink onset were
included in analyses. Trial HR data was analysed as (1) a
temporal progression from 1-8 seconds poststimulus, and
(2) maximum acceleration within 1-6 seconds following
stimulation. Maximum SC responses within 3-6 seconds
poststimulus were analysed.
Mean amplitude of both EMG and EOG blink data in the
75 dB condition was standardised at 1.0 in trial block 1.
ANOVA procedures were used to examine changes in response
magnitude across the 9 stimulus presentations within each
trial block. Similar measures were performed to note
decreases in response magnitude between trial blocks. To
facilitate comparisons with past ASR studies of stimulus
intensity (e.g., Turpin & Siddle, 1979; Roth et al.,
1984), planned comparisons of response magnitude at each
stimulus intensity were made. It was believed that this
step would facilitate more accurate analysis of the
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brain's

responsiveness

to

particular

intensities

of

startle stimuli.
In the fashion of Experiment 1, two types of analyses
were conducted. First, following the example of Roth et
al. (1984), only those trials that contained valid EMG,
EOG, SC, and HR responses were included. In addition to
this matched strategy, data from both blink channels were
then also analysed without consulting whether responses
occurred in the other. Comparisons of SC and startle blink
habituation were performed using both matched and
independent blink data.

Results
Startle Blink Data
Premature blinking
A total of 378 responses were recorded for the
subject sample. Of these, 70 responses were discarded due
to premature blinking or zero responses. Both EMG and EOG
measures detected 13 responses that needed to be removed.
EMG analysis mandated that another 30 responses be
removed, and still another 27 responses were discarded due
to premature blinking within the EOG signal.
Zero Responses
Seven EMG trials were rejected due to zero responses,

151

as were five EOG responses. Interestingly, only one of
these was common to both blink channels. Although the
number of zero responses in this experiment was larger
than that of Experiment 1, inclusion of zero responses or
replacement of these trials with averages had no
significant impact in any analysis in the present
experiment. With this in mind, all zero responses were
replaced with averages in the same fashion as with
premature responses.
Matched Analysis
EMG
As demonstrated in Figure 5.2, consistently larger
EMG startle blink magnitude was produced due to increasing
stimulus intensity. This was reflected in a significant
linear effect (F [1,13] =17.4, p < .0025). Significantly
larger responses were produced with 85 dB stimuli than
with 75 dB (F [1,13] =9.4, p < .01), and response
magnitude grew significantly between the 85 dB and 95 dB
levels (F [1,13] =4.7, p = .05).
EOG
Similar effects were recorded with the EOG startle
blink. Response magnitude increased with progressive
stimulus intensity, showing a significant linear effect (F
[1,13] = 12.4, p < .005). The 85 dB stimuli elicited
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significantly larger responses than the 75 dB stimuli (F
[1,13] = 5.9, p < .05), and responses to 95 dB stimuli
were significantly larger than to 85 dB stimuli (F [1,13]
= 9.2, p < .025).
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Combined (EMG+EOG) analysis
As Figure 5.2 suggests, a joint analysis of EMG and
EOG stimulus intensity effects revealed a significant
linear effect (F [1,13] ~ 23.0, p < .0001) which did not
differ between EMG and EOG. A significant overall
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difference was detected between response magnitude in the
75 dB and 85 dB conditions (F [1,13] = 10.67, p < .01), as
well as between 85 dB and 95 dB (F [1,13] = 12.83, p <
.005) .
Autonomic Responses
Heart Rate
Figure 5.3 displays maximum HR acceleration for 1-4 s
as a function of stimulus intensity. These data indicate
that

this

response

component

generally

grows

with

increases in stimulus intensity, but this effect was not
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significant. Cardiac acceleration during seconds 1-8
following the onset of startle stimulation was significant
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overall for the three stimulus conditions

(F

[9,71] =

14.8, p < .0025). This was exemplified by a significant
linear trend across time (F [1,13] = 7.4, p < .025). No
other HR comparisons were significant. Figure 5.4 shows
that responses in the 95 dB condition resembled the short
latency

HR

acceleration

reported

in

Experiment

1.

Responses to the 75 dB and 85 dB parameters showed later
HR

acceleration,

peaking

between

poststimulus. Such HR activity

5

and

is uncommon

6

seconds

in startle

research, indicating these two parameters were not

Time from stimulus onset (sec)

Figure 5.4. HR acceleration to 75, 85 and 95 dB startle
stimuli.
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eliciting HR responses representative of the ASR.
Skin Conductance
As

demonstrated

in

Figure

5.5,

intensity

significant factor in SC response amplitude

was

a

(F [2,2 6] =

26.2, p < .0001). This was represented by a significant
linear effect (F [1,13] = 41.3, p < .0001). Differences
were noted between the 75 dB and 85 dB conditions

(F

[1,13] = 19.61, p < .0025), as well as the 85 dB and 95 dB
conditions (F [1,13] = 14.8, p < .0025).
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SC/blink intensity effects
As EMG, EOG, and

SC responses

were

significantly
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sensitive to stimulus intensity, a comparative analysis of
these three indices was performed. The differences in
response amplitude due to stimulus intensity did not
differ significantly between SC and EMG. However, SC was
more sensitive than EOG to rises in stimulus intensity (F
[1,13] = 6.52, p = .05) .
Habituation
EMG
As Figure 5.6 demonstrates, EMG responses decreased
across trial blocks at all three intensities used. This
effect was not significant, however (F [1,13] = 4.2, p =
.062) .
EOG
The habituation of EOG responses across trial blocks
visible in Figure 5.6 was significant, as represented by a
linear (F [1,13] = 13.6, p < .005) as well as a quadratic
(F [1,13] = 17.3, p < .0025) effect over trial blocks.
EMG + EOG
The joint analysis of EMG and EOG data indicated
significant habituation across trial blocks, reflected in
a significant linear effect (F [1,13] = 12.83, p < .005).
Habituation of EMG and EOG was not significantly
different.
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Heart Rate
Analyses of HR acceleration data revealed no
significant response decrement across trial blocks.
Additional analyses confirmed this at each of the three
stimulus intensities employed.

Skin Conductance
As shown in Figure 5.7, SC responses to each
intensity of stimulation diminished across trial blocks.
This trend did not reach significance, however (F [1,13] =
2.9, p = .114). SC response decrement across trials did
not show a significant linear effect, however a
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significant

quadratic

polynomial

trend

was

evident

(F

[1,13] = 5.41, p < .05).

Blink/SCR Habituation Analysis
In the previous chapter, a comparison of startle
blink and SCR data across trial blocks revealed SCR
habituated significantly more quickly. As SCR habituation
approached significance in the present experiment, similar
analysis was performed. Results showed no significant
habituation differences between SC responses that were
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matched with

those trials that produced acceptable EMG (F

[1,13] = .103, p = .881) and EOG (F [1,13] = .010, p =
.920) responses. These findings contradict those of
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Experiment

1,

and

indicate

the

comparative

impact

of

differential stimulation upon blink and SCR habituation.

Independent Data Analysis

EMG
As Figure 5.8 indicates, the EMG responses collected
were quite sensitive to stimulus intensity. This was
demonstrated by a significant linear trend of response
magnitude across stimulus intensity (F [1,13] = 38.25, p <
.0001). Planned contrasts revealed significant differences
between 75 dB and 85 dB stimuli (F [1,13] = 31.54, p <
.0001), and a difference between 85 dB and 95 dB that did
not reach significance (F [1,13] = 3.81, p = .073).
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EOG
Figure 5.8 also shows a considerable effect of
stimulus intensity upon the magnitude of the EOG startle
blink. This was represented by a linear effect across
stimulus intensity (F [1,13] = 13.67, p < .005).
Significant differences were found between 75 dB and 85 dB
stimuli (F [1,13] = 7.72, p < .025), as well as between 85
dB and 95 dB (F [1,13] = 8.31, p < .025).
EMG + EOG
A combined analysis of both EMG and EOG data using
the independent analysis strategy showed a very strong
stimulus intensity effect (F [1,13] = 44.96, p < .0001).
This was further represented by differences between 75 dB
and 85 dB stimuli in blink magnitude (F [1,13] = 28.06, p
< .0001), and 85 dB and 95 dB (F [1,13] = 11.31, p < .01).
No interactions of response type X intensity reached
significance.
Blink/SC intensity analysis
No significant differences were found between EMG and
SC, or EOG and SC responses as a result of stimulus
intensity. This contradicts the findings of the matched
analysis, which detected SC/EOG intensity differences.
Habituation
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EMG
As demonstrated by Figure 5.8, the amplitude of those
EMG responses matched with EOG blinks decreased across
trial blocks at all three intensities used. Unlike with
the matched analysis this effect was significant (F [1,13]
= 10.56, p < .01), as revealed by a linear polynomial
trend across trial blocks. The interaction of response
decrement across sessions and stimulus intensity was not
significant.
EOG
The habituation of EOG responses across trial blocks
displayed in Figure 5.8 was also significant, as
represented by both linear (F [1,13] = 6.7, p < .05) and
quadratic (F [1,13] = 16.64, p < .0025) trends over trial
blocks.
EMG + EOG
Analysis of data from both blink channels showed
significant habituation across trial blocks, as
represented by significant linear (F [1,13] = 16.62, p <
.0025) and quadratic (F [1,13] = 32.12, p < .0025) trends.
These results did not differ significantly between EMG and
EOG measures.
Blink/SCR habituation analysis

162

A comparison of the habituation of EMG and EOG blink
data and the SC data recorded showed no significant
differences in response decrement across trial blocks
between either SC and EMG (F [1,13] = .023, p = .881) or
EOG (F [1,13] = .022, p = .885). The amplitude of SC
responses decreases at a nearly identical rate to both EMG
and EOG data when independent blink data are considered.
Matched vs. Independent Analysis
A statistical comparison of blink magnitude as a
product of analysis method showed no significant
differences between any component of the matched and
independent analyses performed. The sensitivity to
stimulus intensity was nearly identical in both EMG and
EOG channels. These results clearly imply the validity of
either including matched responses or all observable
responses in each channel for startle eyeblink testing.
The choice of either matched or independent analysis does
not detract from the comparison of startle blink data with
SC data.
Discussion
The findings of the present experiment can be
summarised as follows. Despite slightly different degrees
of habituation, EMG and EOG blink responses to stimuli of
progressive intensity measures are largely commensurate
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indices

of

the

startle

blink.

Increasing

stimulus

intensity also elicits greater HR and SC responses. This
effect was not significant for HR, however, and neither HR
nor SCR habituated due to repeated stimulation. The
eyeblink would appear to be a more sensitive measure of
startle reactions than either of the autonomic measures
utilised. The combined, EMG/EOG paradigm enabled a
considerably greater number of undesirable responses to be
excluded from analysis. As noted earlier, only 13 of the
70 responses discarded due to irregular response signal
were noted as abnormal within both EMG and EOG measures.
Analysis of EMG data led to 3 0 more responses being
excluded, and EOG analysis excluded 27 more. Using the
factor of acceptable responses in both blink channels as a
criterion for inclusion did not significantly alter the
findings of this experiment. However, use of a dual,
EMG/EOG strategy mandated exclusion of many undesirable
responses that might have otherwise been included. Hence,
the matched analysis strategy did not significantly affect
the findings, but it did make them more precise. Only
those trials which clearly showed acceptable startle blink
activity were analysed.
Overall, blink habituation across trial blocks and
sensitivity to stimulus intensity were significant.
Habituation was not significant within the EMG measure in
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the original

(matched) analysis, however. Only using the

independent response strategy was this effect detected.
Only the latter strategy and the inclusion of EOG measures
enabled blink habituation to be detected in the current
experiment.
The results of the present experiment compliment
those of Roth et al. (1984), a within-subjects design.
Within both studies, startle blink responses were
sensitive to habituation and stimulus intensity while the
HR response was sensitive to neither. SC responses in the
"passive" condition of Roth et al.'s study habituated.
This effect was obtained using nearly three times as many
stimuli as were used in the present experiment. It is thus
possible that if more stimulus presentations had been used
in the present study SCR habituation would have reached
significance. Graham (1973) has suggested this would be
the case, as increased habituation with greater stimulus
presentations "virtually has the status of a definition"
(p. 196) .
The autonomic data collected in this experiment are
inconsistent with past research in this area. The stimulus
intensity effects reported here support past research
(Turpin & Siddle, 1979) . The lack of HR and SCR
habituation reported here contradicts the findings of
Turpin and Siddle (1979, 1983), however, and highlights
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the

tendency

of

within-subjects

analyses

to

minimise

habituation effects. Turpin and Siddle (1983) used a
larger number and a wider range of stimulus intensities
(105 dB, 90 dB, 75 dB, 60 dB, 45 dB) to the present
experiment, as well as a between-subjects design. This may
explain some of the differences in the overall findings.
Unlike the Putnam and Roth study, the present
experiment found significant SC magnitude differences with
each increase in stimulus intensity. The present study
also detected a distinct HR response pattern across
stimulus intensities to Roth et al. It is likely that the
task conditions involved in the latter study created some
of these differences. Although the HR data reported here
do not reflect HR deceleration (commonly referred to as a
component of orienting), the weaker stimulus parameters
elicited HRRs not characteristic of the ASR.
The startle blink data recorded in the present
experiment have clear implications. As demonstrated by
other studies utilising within-subjects designs
(Blumenthal, 1996; Blumenthal & Berg, 1986), the startle
blink is clearly sensitive to stimulus intensity, showing
a significant linear relationship. The blink data
collected in the present experiment also reflect the
results recorded in past studies of autonomic startle
components. Roth et al. (1984) showed increases in blink
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magnitude due to greater stimulus intensity to be matched
with a similar pattern in SC responses. The present study
has shown this to be so with both EMG and EOG responses.
As noted earlier, the use of a within-subjects design
is likely to produce less habituation than repeated
exposure to the same stimulus. However, EMG responses
habituated significantly across trial blocks in the
independent analysis, and EOG responses habituated
significantly in both matched and independent analyses.
The combined analyses of EMG and EOG data also revealed
significant habituation. It would seem that by using both
EMG and EOG measures, the detection of blink habituation
effects can be enhanced.
The findings of the present experiment support and
extend the findings of Experiment 1, in that EMG and EOG
measures of the startle blink were seemingly
complementary. The HR acceleration to high intensity
stimulation within 4 seconds poststimulus was again found
to be a reliable startle index, with no significant
habituation. SCR is evidently a highly sensitive index of
stimulus intensity, yet the noted lack of significant SCR
startle habituation represents a major departure from the
findings of Experiment 1. SC responses in the former
experiment were the most robust index of habituation. It
would seem that the use of various stimulus intensities in
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a within-subjects design confounds the habituation effect.
Future research of autonomic startle elements will need to
take this into account.
The startle blink data from Experiments 1 and 2
clearly indicate that the number of trials and trial
blocks employed were sufficient to obtain reliable
responses. It remains to be seen whether such a limited
paradigm will be effective in studies of startle
modification. The comparative nature of EMG and EOG
responses in such a design is the subject of the following
chapter.
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Chapter VI
EMG and EOG Indices of Progressive Startle Inhibition
(EXPERIMENTS 3 & 4)
Introduction
Startle Eyeblink Modification (SEM) through use of
prestimulation is one of the most popular research
avenues in contemporary psychophysiology (Dawson,
Schell, & Bohmelt, 1999). The predominant dependent
variable in such research has been the eyeblink. Three
primary arguments have been commonly offered to justify
this selection. First, eyeblink responses show
inhibitory and facilitatory magnitude effects that are
well-documented (Graham, 1975; Blumenthal, 1996). Next,
startle blinks can be elicited using a range of stimuli
with comparable results (Rimpel et al., 1982). Finally,
the startle blink is comparatively brief in duration
compared to other physiological indices of information
processing, and possesses elements allowing for separate
analysis of stimulus encoding and response selection
(Anthony, 1985). Due at least in part to these
advantages, the number of ASR studies using blink
measures has grown steadily over the last three decades
(Dawson, Schell, & Bohmelt, 1999) .
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Several authors, including Hoffman and Ison (1980)
have reviewed findings pertaining to prepulse inhibition
(PPI). Startle responses are diminished when either
transient (discrete), multiple transient or prolonged
(continuous) prestimuli are presented immediately before
the onset of a startle stimulus. Both prestimulus
modality and time of maximum PPI can influence startle
eyeblink modification. However, the most widely
recognised determinant of response magnitude is the
duration from prestimulus onset to startle stimulus
onset, an interval referred to as stimulus onset
asynchrony or lead time (Graham, 1975). Graham (1980)
has maintained that PPI is the product of sensorimotor
gating. According to this hypothesis (detailed in
chapter 3) , startle tones represent "interrupt" signals
to prestimulus processing. The brain processes incoming
stimuli in sequential order. In the case of SEM, SI
(prestimulus information) is being processed at the time
S2 (the following, startle stimulus) is presented. Due
to prior engagement with SI, the brain does not fully
process the elucidatory properties of startle
stimulation. Thus, the resulting startle blinks are of
lesser magnitude. Startle modification can in this
manner be viewed as largely predicated upon the brain's
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capacity for information processing within specific lead
time intervals (Hoffman & Ison, 1980).
The temporal parameters of startle inhibition have
been extensively studied (Graham, 1975; Graham et al. ,
1975; Lipp et al., 1994). It would appear that startle
reaches peak inhibition at approximately 120 ms of lead
time and progressively decreases at longer lead time
intervals. The degree of PPI increases with prepulse
intensity (Graham & Murray, 1977). It is commonly
believed that PPI is independent of startle stimulus
magnitude (Hoffman & Ison, 1992), although recent data
demonstrated greater PPI with more intense stimuli
(Blumenthal, 1996). Using potentiometer measures of
eyelid movement, Graham and Murray (1977) demonstrated
that lead times of 30, 60, 120, and 240 ms inhibited
startle significantly relative to control levels.
Inhibition increased over the first three intervals,
peaked at 12 0 ms, and showed a slight decrease with 240
ms of lead time. These lead time parameters have come to
be regarded as standards for elicitation of acoustic
startle inhibition in humans (Harbin & Berg, 1983;
Anthony, 1985) .
Anthony (1985) has suggested that while startle
responses habituate over trials, the degree of PPI
compared to control levels remains constant (Anthony,
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1985) . The analysis of startle habituation across trials
reported within Graham and Murray's (1977) work actually
contradicts this hypothesis. That study indicated that
habituation was significantly greater in the control
than in the lead time conditions, and more habituation
was observed in the shorter lead time conditions. As the
authors write, wThe inhibitory effect was greater on
initial trials than on later trials, and the intervals
yielding the most inhibition shifted from 12 0 and 240 ms
on early trials to 120 and 60 ms on later trials" (p.
110). In light of these data, PPI in an experiment would
appear to depend upon the total number of stimulus
presentations. Groves and Thompson (1970) argued that
testing duration has a distinct bearing upon any
apparent habituation effects. The data of Graham and
Murray imply that this is the case for PPI effects also.
Lipp et al. (1994) demonstrated this phenomenon
experimentally. One experiment in that study utilised
lead intervals of 120 and 200 ms in addition to control
stimuli. Subjects were exposed to one or the other
prestimulus interval, in a between-subjects design.
Graham (1975) stressed that SOAs of this duration would
reliably elicit PPI. Lipp et al. only partially verified
that hypothesis. Although significant PPI was recorded
across trials with 120 ms of lead time, PPI was only
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significant at the 200 ms interval

for the first block

of 3 trials. As demonstrated in Figure 6.1, responses
within both prestimulus conditions also habituated
significantly across trials.
Another experiment from the same paper utilised
lead intervals of the same duration as Graham and Murray
(1977) , with the lead intervals of 500 and 2000 ms in
duration also added. It was demonstrated over 12 trial
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blocks that the relative effects of the lead intervals
used habituated considerably. An unpredicted response
pattern occurred among the shorter lead time intervals
with repeated stimulation. The expected maximal PPI was
obtained with the 120 ms interval, yet only within the
first 21 stimulus presentations. An even more radical
pattern emerged for the 240 ms interval. As with the 200
ms condition in Experiment 2 of that study, the observed
PPI disappeared entirely over trials in this condition.
Lipp et al. (1994) initially believed that the
unexpected PPI habituation recorded in their first
experiment may have been due to having several different
prestimulus conditions in a within-subjects design.
However, habituation of PPI was replicated in Experiment
2 of that study, which utilised a between-subjects
design. From these data, it would appear that PPI
effects are reduced with repeated stimulation,
independent of exposure to alternative lead time
conditions. Later research confirms this suspicion (Lipp
& Siddle, 1998).
Blumenthal (1997) later argued that the reduction
of PPI effects over trials was actually due to
habituation to startle stimulation. That study monitored
PPI over four trial blocks in subjects that had already
been exposed to 18 presentations of one of the following
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conditions: (a) pairings of a 120 ms prepulse and 95 dB
startle stimulus; (b) startle tones alone; (c) 120 ms
prepulses alone. Subjects in the first two of these
conditions thus listened to 95 dB stimuli, although PPI
was elicited in condition (a) . In trial blocks 4-7, PPI
was

elicited

in

all

subjects,

using

the

120

ms

prestimulus + 95 dB startle stimulus. Figure 6.2 shows
the data recorded from trial blocks 4-7.
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A general decrease in PPI was noted in this stage of the
experiment. Notably, however, this effect only reached
significance in subjects who had been exposed to
prepulses alone in trial blocks 1-3. As noted above, the
subjects in the other two groups had heard startle tones
in those preliminary blocks. This pre-exposure evidently
diminished the capacity for PPI habituation within
blocks 4-7. Blumenthal believed this indicated that the
habituation of PPI effects was due to habituation to the
startle stimulus used, not to the prestimulus.
A study the following year by Lipp and Krinitzky
(1998) confirmed and extended this hypothesis. The
authors noted that the previous Lipp et al. (1994) study
did not clarify whether exposure to prestimuli, startle
stimuli or prepulse + startle stimulus pairings led to
PPI habituation. Perhaps more importantly, Lipp and
Krinitzky asserted that demonstrating a reduction in PPI
across trials could not in itself be considered proof of
PPI habituation. Thompson and Spencer's (1966)
habituation model would dictate that to prove PPI
habituation, a decrement in PPI across trials would have
to be matched with a subsequent PPI increase following
dishabituation. With this in mind, Lipp and Krinitzky's
study used a similar reasoning.
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To test this hypothesis, subjects were exposed to
three "tests" comprised of 8 presentations of a 12 0 ms
(75 dB) prestimulus followed by a 150 dB startle
stimulus. Following test one, all subjects were
presented with a block of 24 stimuli, either startle
stimuli (105 dB) , prepulse stimuli (75 dB, 120 ms) ,
light stimuli, prepulse + startle stimulus pairings, or
prestimuli and startle stimuli in a random sequence.
Following test two a shock work-up procedure was
performed, intended to create dishabituation to any PPI
habituation incurred across tests 1 and 2. The final
test 3 indicated the degree of dishabituation produced
through the shock work-up procedure. It was hypothesised
that if the habituation noted in test 2 was reversed in
test 3, the PPI effects of test 2 would represent true
habituation.
The results confirmed that PPI habituates due to a
decrease in startle reflex reactivity. Subjects who were
presented with startle stimuli during the habituation
procedure (either the startle stimulus alone, or paired
with the prepulse) showed the expected inhibibition of
response magnitude. Notably, dishabituation produced the
desired recovery of response magnitude in these same
subjects as well, along with the subjects in the random
condition. Subjects who were presented with either light
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or prepulse stimuli during the habituation series did
not demonstrate a similar change in PPI across the three
test periods. Thus the authors concluded, as did
Blumenthal (1997), that exposure to startle stimulation
was the crucial factor involved in PPI habituation.
The conclusions of Blumenthal (1997) and Lipp and
Krinitzky (1998) point to PPI habituation as a ripe area
for research. Earlier work by Putnam and Roth (1990)
suggests that habituation is a fundamental issue with
the use of multiple startle blink measures. In their
study, EMG and EOG measures of responses to identical
stimuli were shown to render consistent startle blink
data, with EMG data reflecting greater sensitivity to
tone duration and habituation. These data have yet to be
confirmed in a startle modification design. Parallel SEM
effects in both EMG and EOG channels would support the
use of the two measures in a startle modification
paradigm. Similar habituation of response magnitude and
PPI within EMG and EOG would also emphasise the merit of
such a recording strategy.
The reliability of SEM using short lead intervals
suggests that certain steps can be taken to increase the
efficiency of its recording. It is commonly accepted
that startle can be reliably modified with the first
stimulus presentation of an experiment (Hoffman & Ison,
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1980; Anthony, 1985). The findings of Lipp et al. (1994)
verify this claim. The latter study also suggests that
PPI habituation effects are attained at some lead
intervals with less than ten stimulus presentations. If
both reliable SEM effects and PPI habituation can be
attained with short duration testing, in future studies
two subjects could perhaps be tested in the amount of
time currently required to test one. Verification of
such effects could be of considerable use to ASR
researchers.
Besides increasing the number of subjects that
could be tested in a given amount of time, short testing
sessions could provide another, less obvious advantage.
Namely, differences in ASR modification and habituation
effects due to the number of trials used could be
studied in greater detail. Many ASR studies provide
averages of ASR effects across several trial blocks. If
habituation of SEM effects is witnessed with as few as
ten trials (Lipp et al., 1994), researchers should
detail these effects with greater precision. Tof
accomplish this, greater attention can be paid to the
earlier trials of experiments. Alternatively, shorter
experiments can be conducted. If the SEM effects of such
designs are reliable (i.e., commensurate to those of
longer experiments), such testing holds a clear
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advantage.
The present chapter was designed to analyse the
progression of startle blink inhibition and habituation
across repeated trials. It was hoped that the data
reported here would clarify the relationship between EMG
and EOG measures in PPI and habituation.
Experiment 3 was conducted as a pilot study, to
test the SEM methodology employed in this thesis. Only
EMG data were recorded as this is the standard dependent
variable of the startle blink. As it is common to
utilise several trial blocks in SEM research (e.g.,
Graham & Murray, 1977), Experiment 3 included 9 trial
blocks. Decreases in EMG response magnitude across
trials were noted, and analysed in terms of reductions
in the amount of PPI. The second experiment reported
here (Experiment 4) tests the idea of reducing the
number of trials presented. This latter Experiment also
contains both EMG and EOG data, with the number of trial
blocks reduced from 9 to 3. Effects of this curtailed
paradigm are noted.
Experiment 3
Method
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Participants
After receipt of approval from the University of
Wollongong ethics committee, thirteen undergraduate
students (eight females, five males; average age 20.2
years, SD = 2.3) were recruited to participate in the
experiment as partial fulfilment of the requirements for
a course in psychophysiology. No Ss reported a history
of hearing loss and all gave informed consent prior to
the experiment.
Design and procedure
The same recording apparatus and experimental
procedure as in Experiment 2 was used. Subjects were
presented with nine trial blocks, each containing nine
trials in a fully randomised design. A single 95 dB,
1000 Hz white noise stimulus, 50 ms in duration with
instant rise time, served as the control condition.
Prestimuli were presented with 30, 60, 12 0 and 24 0 ms
lead times. Two types of prestimulation (70 dB, 1000 Hz)
with rise/fall times of 6 ms were employed: Continuous
prestimuli consisted of tones coextensive with the lead
interval, and discrete prestimuli each lasted 2 0 ms.
Startle tones of identical parameters to the control
condition were presented immediately at the offset of
the lead time intervals. Testing required approximately
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40 minutes, and subjects were excused when they were
finished.
Data analysis
All subjects rendered at least one acceptable
response in each condition. A baseline was calculated
for each response as the average signal magnitude during
0-20 ms following stimulus onset. Response magnitude was
defined as the maximum of the response curve in
arbitrary units that was found in responses which were
initiated 21-120 poststimulus. Responses contaminated by
muscle movement during the 100 ms prior to the onset of
startle stimulation were replaced, with averages of the
acceptable data within the given trial block for that
subject. Zero responses were treated in two distinct
ways. First, All zero responses were included in the
analysis. In a second analysis, zero responses were
rejected and replaced with the average of the acceptable
data (all conditions) from the particular subject for
the trial block in question. The replacement of zero
responses was done in support of the multitude of
studies utilising the same approach. According to this
model, past behaviour is the best predictor of future
behaviour. As a consequence, it is best to utilise the
available data for a subject in place of those data that
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are missing

(Blumenthal

& Berg,

1986; Blumenthal

&

Goode, 1991; Blumenthal, 1996) .
Blink magnitude was calculated as the observed
departure from baseline levels on each response.
Responses were analysed by ANOVA procedures, with two
independent variables, prestimulus type (two levels:
Continuous and Discrete) and lead time (four levels, 30,
60, 120, 240 ms). As equal intervals were selected, they
were weighted for analysis of lead time effects.
Comparisons and interactions involving the control
condition were also performed to note PPI effects.
Intervals were not weighted within these tests. To
inspect habituation effects across a session, averages
were performed for response values in three "groups" of
trial blocks: TB 1-3, 4-6, and 7-9. Habituation with
each of these three trial block segments was also
examined.
Results
First Analysis (Zeros Included)
Rejected trials
A total of 1053 trials were performed (81 for each
subject). Of these, 5% were rejected due to early blink
activity (51 trials).
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Blink magnitude
Significant overall PPI was detected [F (1, 12) =
12.95, p < .005]. Maximal inhibition was elicited at the
120 ms interval, producing a quadratic trend across lead
time [F (1,12) = 14.21, p < .005]. Response inhibition
was slightly less at 240 ms of lead time, compatible
with the original design (Graham & Murray, 1977). No
other comparisons were significant.
Habituation
Figure 6.4 demonstrates a steady startle response
decrement across Trial Blocks 1-9. This was found to be
significant, as revealed by linear trend over trial
blocks [F(l,12) = 17.5, p < .0025]. As could be
expected, startle magnitude within each of the three TB
groups differed significantly [F(2,24) = 11.45, p <
.001]. As revealed by magnitude X TB interactions,
habituation across TB 1-3 was greater overall than TB 4-
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Figure 6.3. Prepulse inhibition effects (Experiment 3;
zeros included).
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Figure 6.4. Prepulse inhibition across trial blocks
(zeros included).
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6 [F(l,12) = 9.13, p < .025], and 7-9 [F(l,12) = 18.10,
p < .0025]. No other comparisons were significant.

Second Analysis (Zeros Omitted)
Rejected trials
Zero responses made up 3% of the total data
collected (33 responses). With these trials added to the
51 responses rejected because of early blink activity, a
total of 8% of the total data were omitted (84 trials).
Blink magnitude
Lead stimulation effectively inhibited eyeblink
over all prestimulus conditions [F (1, 12) = 13.98, p <
.003]. As displayed in Figure 6.5, each prestimulus type
produced greatest inhibition at the 120 ms interval. The
extent of inhibition was apparent in a quadratic trend
across lead time [F (1,12) = 12.638, p < .005]. Response
inhibition was slightly less at 240 ms of lead time,
compatible with the original design (Graham & Murray,
1977). No other comparisons were significant.
Habituation
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As demonstrated in Figure 6.6, the EMG responses
recorded in Trial Blocks 1-3 were larger than those of
trial blocks 4-6, which in turn surpassed those of trial
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Figure 6.5. Inhibition of EMG startle responses across
lead time intervals. Zero responses omitted.

blocks 7-9. This was evidenced by a significant linear
trend over trial blocks [F(l,12) = 10.83, p < .01].
Startle magnitude across conditions differed
significantly between TB 1-3, TB 4-6, and TB 7-9
[F(2,24) = 9.92, p < .0025]. As revealed by magnitude X
TB interactions, habituation across TB 1-3 was greater
overall than TB 4-6 [F(l,12) = 6.93, p < .005], and 7-9
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[F(l,12) = 17.10, p < .05]. No other comparisons were
significant.
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Figure 6.6. Startle modification effects within three
experimental periods. Zero responses omitted.

Comparison of First and Second Analyses
No contrasts between the data set including zero
responses and that from which zeros were omitted were
significant. This was true for the full, 9 TB design as
well as each 3 TB segment of the design. As figure 6.7
demonstrates, overall response magnitude was slightly
lower when zero responses were included. Habituation was
also greater. These effects were to be expected, as
replacement of zero responses with averages would
naturally boost overall response magnitude. PPI was
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slightly greater when zero responses were omitted. This
suggests that substituting averages for zero responses
reduces response variability. Also, those zero responses
of total 33 observed that were responses to control
stimuli would by nature decrease overall PPI, by
decreasing response magnitude within the control
condition. In any event, replacing zero responses with
averages did not impact the findings of this experiment.
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Figure 6.7. Startle blink modification effects with zero
responses both included and replaced with averages.
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Discussion
The findings of this experiment closely parallel
those of Graham and Murray (1977), with some exceptions.
Eyeblink responses to prestimulated startle tones were
similar for both types of prestimuli, and showed the
same pattern of inhibition across lead times. As
demonstrated in the original study, Continuous and
Discrete prestimuli activate similar processing at short
lead times. This clearly indicates the reliability of
the chosen lead time intervals for eliciting the
demonstrated SEM effects.
Notably, the results of this experiment were not
altered when zero responses were rejected. As expected,
habituation was greater in the analysis including zero
responses. This difference was quite small, however,
despite the sizeable number of trials omitted. Perhaps
more importantly, PPI effects were not altered by
rejection of zero responses. As noted above, PPI
actually increased slightly with the substitution of
averages for zero responses. These data support past
research indicating that such treatment of zero
responses is a reliable component of ASR testing
(Blumenthal & Berg, 1986; Blumenthal & Goode, 1991;
Blumenthal, 1996).
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The findings of the present experiment differ from
those of Graham and Murray (1977) in one important
respect. Unlike the original study, the pattern of PPI
across lead intervals noted here did not differ across
trial blocks. This suggests that the processing common
to Continuous and Discrete prestimulation at short
intervals is both instantaneous and consistent. Graham
and Murray's (1977) paradigm is evidently valid when
considerably fewer than the originally designated
stimulus presentations are employed. This is the case
when zero responses are either removed or replaced with
averages.
This replication of the Graham and Murray (1977)
data suggests that the number of trials required to
reliably test PPI may be reduced drastically. The study
of PPI and its habituation using such designs may reveal
new aspects of startle modification. To verify this
possibility, an identical experiment to Experiment 3 was
designed, with abbreviated stimulus presentations. As a
means of comparing EMG and EOG indices of PPI,
Experiment 4 also contains EOG startle blink measures.
It was believed that replicating the findings of
Experiment 3 with two startle blink measures would
demonstrate the reliability of SEM effects yet further.
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Experiment 4
Although the original Graham and Murray (1977)
study showed there to be some change in lead time
effects across trial blocks, the claims of other ASR
researchers cast doubt upon the reliability of such
habituation (Anthony, 1985). Experiment 3 showed that
while some polynomial effects of lead time interval are
indeed prone to habituate across trials, the length of
ASR testing does not affect overall lead time effects.
The present experiment was designed to provide further
evidence of this.
If the consistent lead time effects observed in
Experiment 3 are reliable, considerable changes could be
made to standard ASR testing paradigms. The number of
trials could be drastically reduced. Using fewer
stimulus presentations could require considerably less
time for testing, while still permitting analysis of the
early stages of habituation. It was believed that
monitoring the effectiveness of EMG as well as EOG
responses under such circumstances would be an excellent
contribution to the present work. By selecting the same
number of trials as was used in Experiment 2, the
activity of both blink channels could be examined in one
third of the time.
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Method
Subjects
Eleven undergraduate students (seven females, four
males; average age 19.5, SD = 1.6 years) were recruited
to participate in the experiment for course credit. No
Ss reported history of hearing loss and all gave
informed consent prior to the experiment.
Apparatus
All stimulus parameters and apparatus for EMG
recording were identical to that employed in Experiment
3. EOG was recorded using tin electrodes, placed above
and below the left eye in line with the pupil. A
sampling rate of 1000 Hz was used, with passband filters
of 30-90 Hz. As an alteration to the paradigm of Graham
and Murray (1977) , subjects were presented with three
trial blocks, each containing nine trials in a fully
randomized design.
Procedure
Testing procedure for Experiment 4 was identical
to that of Experiment 3. Given the reduced trial block
protocol, testing required approximately 15 minutes.
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Data analysis
Data analysis was the same as Experiment 3, except
that to analyse habituation effects, changes in response
magnitude across TB 1-3 were examined. Zero responses
were rejected, as with the reduced testing paradigm
selected inclusion of these data would naturally incur
greater response variability. The practice of rejecting
zero responses was used successfully Experiment 3, and
hence it was thought to be sensible to utilise it here.
As in Experiments 1 and 2 of the present study,
both EMG and EOG data were subjected to independent and
matched analyses. A matched analysis first provided PPI
and response habituation information exclusively for
those trials that contained reliable EMG and EOG
responses. Next, an analysis of EMG and EOG responses
independent of the opposite blink channel was performed.
As in Experiments 1 and 2, it was expected that these
analyses would be essentially the same.
Results - Matched Analysis
Rejected trials
A total of 297 stimulus presentations were
utilised. Of these, 53 were rejected (18% of the total)
due to excessive signal noise or zero responses in
either the EMG channel or the EOG channel.
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Interestingly, 47 of these were excluded from both EMG
and EOG. Three (3) responses were acceptable as EOG data
but excluded due to EMG activity. Likewise, 3 otherwise
acceptable EMG responses were omitted due to failure to
meet the established standard as EOG responses.
EMG
Overall PPI in the prestimulus conditions was
significant [F (1, 10) = 13.88, p < .005]. As shown in
Figure 6.8, blink inhibition increased across the
shorter lead time conditions and decreased thereafter,
rendering a significant quadratic trend [F (1, 10)
14.494, p < .005]. As expected, maximal inhibition was
recorded at the 120 ms prestimulus interval. Startle
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Figure 6.8. Inhibition of EMG responses across lead time
intervals (Matched data).
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responses habituated significantly over the three trial
blocks, as represented by a linear trend [F (1, 10) =
7.488, p < .05], but the degree of PPI did not change
significantly. The noted quadratic effect over lead time
produced by maximal PPI with 120 ms of prestimulation
grew significantly less pronounced across trials for
Experiment 4, as indicated by a significant linear trial
block X quadratic lead time effect [F (1, 10) = 5.054, p
< .05]. Prestimulus type was not significant.
EOG
Data largely similar to the EMG responses were
obtained. As demonstrated in Figure 6.9, PPI was
significant [F (1, 10) = 13.65, p < .005], with maximal
inhibition at 120 ms of lead time and a corresponding
quadratic trend [F (1, 10) = 34.95, p < .00001].
Notably, neither EOG response magnitude nor PPI
habituated significantly. Prestimulus type was not
significant.
EMG and EOG group analysis
No differences were detected between blink
measures. When analysed together, PPI within the two
eyeblink modalities was highly significant [F (1, 10) =
29.37, p < .001]. The quadratic trend observed within
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each

startle

blink

channel

analysis

was

again

significant [F (1, 10) = 34.954, p < .001], with maximal
inhibition at the 120 ms prestimulus interval. Startle
responses habituated significantly over the three trial
blocks [F (1, 10) = 7.864, p < .05], with no significant
change in degree of PPI across trial blocks. The
pronounced quadratic trend did habituate, as evidenced
by a significant overall linear trial block X quadratic
lead time effect [F (1, 10) = 5.054, p < .05].
Prestimulus type was again non-significant.

1.20 1.00 A

0.80 -

>rr

^**

^
.

^s^^"^

0.60 0.40 0.20 -

- CONTROL
—-•— -Continuous
---A-- •

Discrete
i

i

U . 0 0 "1

30 ms

60 ms

i

120 ms

i

240 ms

Figure 6.9. Inhibition of EOG startle blink activity
across lead time intervals (Matched data).

Results - Independent Analysis
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EMG
As with the matched analysis, overall PPI for EMG
responses was significant PPI in the prestimulus
conditions was' significant [F (1, 10) = 13.88, p <
.005]. As Figure 6.10 demonstrates, maximal blink
inhibition was attained at the 12 0 ms interval for both
Continuous

and

Discrete

prestimuli,

significant quadratic trend [F (1, 10)

rendering

a

= 12.56, p <

.025] .

1.20
1.00
0.80
0.60
0.40 0.20

CONTR01
-•— Continuous
•A--- Discrete

0.00
30 ms

60 ms

120 ms

240 ms

Figure 6.10. EMG inhibition across lead time intervals
(independent analysis).

A significant linear trend over the three trial blocks
implied significant habituation [F (1, 10) = 7.051, p <
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.05],

but

the

degree

of

PPI

did

not

change

significantly. As with the independent analysis, the
quadratic effect over lead time produced by the 12 0 ms
lead interval grew less pronounced across trial blocks.
This effect did not reach significance, however [F (1,
10) = 4.93, p = .051]. Prestimulus type was not
significant.
EOG
As demonstrated in Figure 6.11, data largely
similar to the EMG responses were again observed. PPI
was significant [F (1, 10) = 10.68, p < .025], and
maximal inhibition at 120 ms of lead time produced a
significant quadratic trend [F (1, 10) = 11.23, p <
.025]. As with the independent analyses, EOG response
magnitude nor the inhibition of that magnitude by
prestimulation habituated significantly. Prestimulus
type was not significant.
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Figure 6.11. EOG startle responses with increasing lead
time (independent analysis)

EMG and EOG group analysis
No differences were detected due to blink measures
or prestimulus type within the independent analysis. A
combined analyses of EMG and EOG responses revealed
highly significant PPI [F (1, 10) = 23.023, p < .0025],
and an even stronger quadratic trend across lead
intervals [F (1, 10) = 32.71, p < .001]. Startle
responses habituated significantly over the three trial
blocks [F (1, 10) = 6.22, p < .05], yet no significant
change in degree of PPI across trial blocks was noticed.
The quadratic trend produced due to maximal PPI at 12 0
ms grew significantly smaller across trial blocks. This
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was inferred from a significant linear trial block X
quadratic lead time effect [F (1, 10) = 15.21, p <
.005]. It would seem that incorporating both EMG and EOG
measures clearly strengthens the SEM effects witnessed
within this abbreviated paradigm.
Matched vs Independent Analyses
As figure 6.12 illustrates, no comparisons between
independent and matched analysis methods reached
significance. This was true for each blink measure, as
well as the combined (EMG + EOG) analysis. SEM effects
obtained using short duration prestimuli are evidently
quite reliable.
Discussion
The findings of this experiment canbe summarised
as follows. Startle mofification within EMG and EOG
response channels reflect paralel effects using 3 trial
blocks of presentations. The decrement of EMG responses
across trial blocks is greater than EOG responses, as
the significant habituation witnessed in EMG data was
not duplicated with the EOG data collected. This effect
did not differ statistically between blink measures,
however. EMG and EOG measures appear to represent quite
similar SEM measures using short-duration testing.
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Figure 6.12. A comparison of EMG
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General Discussion
The results of Experiment 3 support the hypothesis
that ASR magnitude is progressively reduced across
testing sessions. The replication of these effects in
Experiment 4 clearly suggests that more abbreviated
testing of PPI is a viable strategy. As hypothesised by
Graham (1975), PPI occurs with the first stimulus
presentation. This effect is comparable between EMG and
EOG measures, and thus highly reliable.
As Lipp et al. (1994) showed, habituation within
the early trial blocks of an experiment may alter the
lead time effects observed. In Experiment 4 the
quadratic effect of lead time diminished significantly
across trial blocks, although only for EMG measures
within the matched analysis, and when EMG and EOG were
analysed together (within both matched and independent
analyses) . These extend the findings of Putnam and Roth
(1990), that indicated superior sensitivity of EMG to
habituation. ASR research paradigms that will involve
significant response habituation should account for this
fact. When habituation is of concern, experiments of
startle habituation should utilise EMG blink measures in
addition to any others.
The results of Experiments 3 and 4 do not support
the hypothesis that PPI is prone to habituation. The
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degree

of

PPI

recorded

in

these

two

experiments

diminished slightly with repeated stimulation, but that
effect did not approach significance. This supports the
findings of the original Graham and Murray (1977) study.
That work showed that while the degree of PPI differed
within lead time conditions across trial blocks, The
overall PPI pattern was unchanged. More recent research,
however, indicates that the mechanism responsible for
PPI may in fact habituate (e.g., Lipp et al., 1994).
There are several explanations for this discrepancy.
Foremost of these is the fact that neither of the
aforementioned studies used the same paradigm as did
Graham and Murray. The Lipp et al. study used one design
based upon Graham and Murray, but which included two
prestimulus intervals of much greater duration. It is
possible that when a greater range of lead times are
used, distinct SEM may be the result. This dimension of
prepulse modification is dealt with later in this
thesis.
Another possible explanation is the research
design employed. Another experiment in the Lipp et al.
(1994) study used a between-subjects design, in which
subjects were exposed to a single condition only. Lipp
and Siddle (1998) performed similar manipulations. This
is fundamentally different from the within-subjects
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design used by Graham and Murray. PPI habituation is
evidently affected not only by exposure to startle
stimulation, but also by various experimental
manipulations. This concept is explored in greater
detail in later experiments within the present study.
Despite these differences, it would appear that
EMG and EOG blink measures provide commensurate indices
of PPI. Although habituation did differ slightly between
the two measures, no significant differences were
detected between EMG and EOG in any of the possible
comparisons in Experiment 4. This includes PPI, lead
time effects, the impact of prestimulus type, and
habituation of each of these variables across trial
blocks. Evidently, prestimulus processing at short lead
intervals has highly analogous effects upon startle
responses as measured by eyelid movement as well as
orbicularis oculi activity.
Experiments 3 and 4 together offer support for
certain elements of experimental methodology that could
previously have been debated. Experiment 3 demonstrated
that the replacement of zero responses with averages
will have a very small and non significant impact upon
results. While the degree of response habituation is
diminished somewhat, this effect is almost nonexistent.
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Moreover, omitting zero responses does not affect PPI,
irrespective to testing duration.
Experiment 4 demonstrated that similar results are
obtained using matched and independent EMG and EOG blink
data. The findings of Experiments 1 and 2 were thus
supported, indicating that the matched analysis strategy
is a valid means of testing SEM. This offers a
considerable contribution to this thesis, as the
comparative effectiveness of EMG and EOG measures is
best studied using a matched strategy.
It is clear from the present experiments that the
startle blink is a highly malleable and readily
adaptable phenomenon. Despite the similarities between
EMG and EOG highlighted here, the two measures are
clearly not identical. In the following chapters,
distinct dimensions of startle blink sensitivity to
prestimulation will be explored, to highlight those
EMG/EOG discrepancies that exist. As the duration of any
one particular lead time interval would appear to affect
each measure in a similar fashion, it was believed that
variations of prestimulation using a single lead time
could form an interesting study.
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Chapter VII
EMG AND EOG RESPONSES TO VARYING STIMULUS ONSET ASYNCHRONY
AND PRESTIMULUS NUMBER
(EXPERIMENT 5)
Introduction
The modification of acoustic startle is commonly
viewed as an index of stimulus energy integration within
the brain. Blumenthal and Berg (1986) argued that transient
stimuli, either presented alone or as components of a
stimulus pair, activated onset-sensitive response systems,
and determined stimulus detection. Sustained stimuli
(single, comparatively longer tones) activated response
systems that were sensitive to more prolonged stimulus
attributes, and determined stimulus identification.
Moreover, it was expressed that stimuli with both transient
and sustained properties were capable of activating both
types of response systems. The available literature
indicates that integration of stimulus energy is a common
element of the ASR, as well as of startle responses
elicited through different means (e.g., Plant & Hammond,
1989) .
Blumenthal and Berg (1986) argued that startle
magnitude is due to a sensitivity to transient properties
of stimulus onset and offset, the energy of which are
distributed over time. According to this view, startle
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response magnitude

is a function of

stimulus duration.

Prestimulus pairs within a designated lead time elicit the
same responses as single stimuli, because energy contained
in the first element of a startle stimulus pair is added to
that of the second prestimulus. Known as temporal
summation, this effect has been found most readily with 2050 ms of continuous or transient stimulation. Research by
Graham (1979), Schwartz and Loop (1984), Blumenthal and
Berg (1986) and Blumenthal (1995) has shown the temporal
summation of prestimulus information to be a primary
determinant of startle magnitude (Hammond & Dennon, 1991) .
Transient and sustained stimulus properties are
investigated primarily by manipulating the duration of
single stimuli and Stimulus Onset Asynchrony (SOA) of
stimulus pairs (Blumenthal & Berg, 1986) . With SOA
manipulation, the duration of stimulation in both single
and double stimuli is commonly equal. The duration of
silence between each component of a prestimulus pair can be
manipulated, to enable short dual stimuli to mimic the
total duration of a single stimulus. The SOA parameter for
a stimulus pair is calculated as the duration of stimulus 1
combined with the duration of silence between stimulus 1
and 2. Two examples of Transient vs. Sustained stimulus
manipulation are illustrated in Figure 7.1.
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Stimulus interval: 20 ms
Single Stimulus

(20 ms)

Double Stimuli
3 ms

M

3 ms
(14 ms ISI)

H

Stimulus interval: 50 ms
Single stimulus
(50 ms)

Double Stimuli
3 ms

3 ms

H

H

(44 ms ISI)

Figure 7.1. Examples of single and double stimuli with
equal periods of stimulation.

(The 20 ms stimulus pair

employs an SOA of 17 ms; the 50 ms pair employs an SOA of
47 ms.)

Blumenthal

and

Berg

(1986)

explored

transient

and

sustained stimulus effects by manipulating startle tone
number, length and SOA. Single 95 dB noise bursts (3, 20,
35, 50, 65, 80 and 100 ms in duration) were employed. Pairs
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of 3 ms stimuli were also used, with SOAs manipulated to
provide commensurate stimulus periods to the single stimuli
used. Results showed progressively larger startle blinks in
the stimulus conditions in excess of 3 ms. Responses to
both single and double noise bursts in the 20 ms and 35 ms
conditions were equal. This effect changed with longer
SOAs, however. At the intervals between 50 and 100 ms,
single prestimuli continued to render progressively greater
responses, while the magnitude of responses to double
stimuli was diminished. These results indicated that an
asymptotic effect for temporal summation existed, in which
the similar perceptual effects of single and double stimuli
would eventually diverge as longer stimulus intervals were
employed.
Blumenthal and Berg (1986) explained their results as
follows. It was suggested the initial similarities in
single and double stimulus response data indicated that
both types of stimuli were activating transient perceptual
systems of temporal summation. The witnessed asymptote
effect, in turn, indicated that stimulus pairs were still
being detected as transient stimuli, while the extended
duration of single stimuli gave them additional, sustained
properties. Subjects perceived the longer single stimuli as
more startling, as increased stimulus duration allowed for
perception of stimulus onset and offset (a transient
function) as well as processing of more detailed stimulus
properties (a sustained function).
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An unusual approach in research of the ASR has been to
examine the effects of similar temporal summation and
information processing using inhibitory prestimuli. Harbin
and Berg (1983) performed such a study, with single tonic
prestimuli 20 and 200 ms in duration, with SOAs of 80-620
ms. Through EOG recordings, it was demonstrated that 200 ms
prestimuli produced significantly smaller startle responses
(greater startle inhibition) than the 20 ms prestimuli.
These authors concluded that the observed results were due
to temporal summation of the (transient) onset and offset
of the prepulses "becoming progressively more independent
as they are separated in time" (p.609). By this rationale,
increased prestimulus duration caused temporal summation of
transient and also sustained prestimulus properties. Due to
the interplay of such qualities, startle inhibition was
increased. An important similarity exists between these
data and those of Blumenthal and Berg (1986) . Whereas the
combined transient and sustained processing of startleeliciting stimuli produces larger startle responses, such
processing of prestimulus information accentuates the
converse startle inhibition effect. This suggests an
intrinsic relationship between temporal summation and
stimulus processing. As Blumenthal suggests, startle
magnitude is determined primarily by stimulus processing at
the beginning of the processing stream (i.e., at short
latencies following stimulus onset).

211

A more recent exploration of this theory was presented
in a study conducted by Blumenthal (1995) , using a single
150 ms lead time period. In the first of a series of
experiments, single 60 dB prestimuli ranging from 6 to 100
ms in duration were used in combination with 3 ms prepulse
pairs, possessing SOAs of 6 to 100 ms. Startle tone
intensity was 85 dB. It was hypothesised that single and
double prepulses would produce similar EMG responses, due
to temporal summation of transient prestimulus properties,
and that extended stimulus duration/SOA would result in
progressive startle inhibition. Findings revealed that
temporal summation did in fact occur with paired
prestimuli, as demonstrated by similar startle magnitude in
conditions employing single and double prepulses.
Progressive inhibition of startle was found as SOA/stimulus
duration was increased from 6 to 20 and then 50 ms, with a
slight PPI reduction at the 100 ms SOA (Figure 7.2).
Blumenthal discussed these results as an extension of the
Harbin and Berg (1983) findings, demonstrating temporal
summation of transient properties of single and double
prestimuli within the 6 ms-100 ms range. The slight
reduction in startle inhibition observed in the 100 ms
interval was discussed as an indication that temporal
summation had reached asymptote.
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• 6 ms
• 20 ms
• 50 ms
M 100 ms

Single

Double

Figure 7.2. Inhibition of EMG startle response amplitude
for single and double prepulses, as a function of stimulus
duration / SOA (Blumenthal, 1995).

The present experiment was designed with the same SOA
intervals

as

the

Blumenthal

(1995)

study,

with

slight

alterations to that original paradigm. The number of trial
blocks was reduced from 6 to 3. The intensity of prestimuli
and startle stimuli were also raised slightly from the
original study. Prestimuli within Blumenthal's experiment
were 60 dB, and startle stimuli 85 dB. Several studies have
demonstrated PPI to increase when prestimulus intensity is
raised (e.g., Graham & Murray, 1977; Blumenthal & Creps,
1994), and Blumenthal (1996) has shown that raising startle
stimulus intensity can have the same effect. By increasing
acoustic intensity for the present experiment, effects upon
SOA could be detected. The chosen paradigm represented an
opportunity to monitor the influence of changing stimulus
and prestimulus intensity in a different manner. Increased
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PPI was expected, but any impacts upon the effects of SOA
manipulation were unknown.
In keeping with Blumenthal (1995), the experiment
described here did not include an analysis of habituation
effects. The analyses of startle response probability
performed by Blumenthal were not viewed as appropriate in
the present experiment, however. As it was intended to
reduce the number of trial blocks originally used, the
present design would leave only three possible responses in
each condition. This would decrease the sensitivity of
response probability considerably. Also, it was likely that
the increase in prestimulus and stimulus intensity intended
within the present study would affect PPI, thus potentially
affecting response probability further. With this in mind,
probability analyses were excluded from the present design.
Method
Participants
Thirteen subjects (eight females, five males; mean age
= 18.3, SD = 1.5 years) participated in fulfilment of the
requirements for an introductory course in Psychology. No
subjects reported a history of hearing loss and all gave
informed consent prior to the experiment.
Stimuli
Startle stimuli were 95 dB white noise bursts with
instant rise time, 50 ms in duration. Prestimuli were 70 dB
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tones with instant rise time, 6, 20, 50 and 100 ms in
duration in the instance of single prestimuli and 3 ms in
duration with stimulus pair components. Varying amounts of
silence were inserted between the first and second
prestimuli of a pair, such that the SOA was equal to that
of the single prestimuli used.
Design and Procedure
All aspects of this experiment were the same as
Experiment 4, except the eight prestimulus conditions
consisted of single and double prepulses at SOAs of 6, 20,
50 and 100 ms. Only those trials which elicited both
acceptable EMG and EOG responses were analysed.
Data Analysis
All subjects rendered at least one response in each of
the nine conditions. Responses commencing within a time
window of 21-120 ms after startle stimulus onset were
analysed. A mean score was produced for each subject in
each condition by averaging acceptable responses. Zero
responses and blinks that occurred outside the desired time
window were excluded, with an average of that particular
subject's acceptable data from that trial block substituted
for such missing data. Only those trials that contained
both acceptable EMG and EOG responses were analysed. As
demonstrated in Experiments 3 and 4, matched analyses
provide all the information of independent analyses, and
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more accurately assess the compatibility of EMG and EOG
measures.
ANOVA procedures were used to examine the following
effects: (1) overall PPI of startle, (2) SOA duration, and
(3) prestimulus number. The variable of response type was
added also, due to the addition of EOG measures. As with
the original (Blumenthal, 1995) study, planned comparisons
of response magnitude between the 6 ms condition and the
other 3 SOA conditions (20, 50, & 100 ms) were performed.
SOA intervals were not weighted for statisitical analyses.
As mentioned above, habituation analyses were not
performed. To facilitate comparisons with Blumenthal's
(1995) study, multivariate contrasts of SOA interval were
conducted.
Results
Rejected Trials
Of the 351 EMG trials recorded, 10% (34 responses)
were omitted due to early signal activity and 3% more (12
resonses) due to zero responding. Slightly more EOG
responses were rejected. Of the 351 total, 47 early blinks
were omitted (13% of the total) , as well as 10 zero
responses (3% of the total).
EMG
As Figure 7.3 demonstrates, significant PPI was found
overall for EMG responses (F [1,12] = 12.93, p < .005). SOA
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duration / interval was not significant, and no difference
in PPI was detected between single and double prestimuli.
Planned

contrasts

of

blink

magnitude

at

SOA

intervals

revealed a significant PPI difference between the 6 ms and
50 ms conditions
significant

(F

[1,12]

interaction

between

prestimulus number was found
The

increase

in

PPI

significantly different

= 4.83, p
linear

<

.05). A

trend

over

nearly
SOA X

(F [1,12] = 4.46, p = .056).

across

SOAs

was

hence

nearly

for single and double prestimuli.

No other comparisons were significant.
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Figure 7.3. Inhibition of EMG startle blink responses
across Stimulus Onset Asynchrony (SOA) intervals.

EOG
As Figure 7.4 demonstrates, EOG startle responses were
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significantly

also

prestimulation

inhibited

from

control

levels

by

(F [1,12] = 12.77, p < .005). EOG startle
significantly

across

the

four

SOA

magnitude

differed

intervals

(F [3,36]= 3.29, p < .05), with progressively

increasing PPI, as demonstrated by a significant

linear

trend (F [1,12] = 8.37, p < .025). Notably, unlike EMG, the
EOG

data

recorded

indicated

a

significant

prestimulus

number effect (F [1,12] = 7.96, p < .025). A significant
interaction of SOA interval X prepulse number (F [1,12] =
8.0, p < .025) was also found.
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Figure

7.4

also demonstrates

that

single prepulses

resulted in a steady increase in PPI of EOG responses
across SOA intervals. Double prepulses resulted in a slight
decrease in PPI between 6 ms and 20 ms intervals, and
another PPI decrease from 50 ms to 100 ms of SOA. Planned
comparisons indicated that overall PPI of EOG responses was
not significantly different between 6 and 20 ms or 6 and 50
ms SOA conditions. The latter contrast approached
significance, however (F [1,12] = 3.59, p < .10), and a
comparison of the 6 and 100 ms intervals was significant (F
[1,12] = 8.32, p < .025). No other comparisons were
significant.
EMG and EOG Group Analysis
Figures 7.5 and 7.6 demonstrate the significant PPI
effect within the combined, EMG /EOG analysis (F [1,12] =
10.31, p < .01). The SOA factor was not significant,
although a significant SOA X EMG/EOG effect was detected (F
[3,36]= 3.13, p < .05). A significant linear trend was
noted overall across SOA intervals (F [1,12] = 6.54, p <
.05). This effect differed between EMG and EOG, as revealed
by a significant linear trend across SOA X response type
interaction (F [1,12] = 5.41, p < .05).
Notably, differences in PPI using single and double
prestimuli were significant in this combined analysis (F
[1,12] = 6.98, p < .025). As with the EMG data analysed,
planned comparisons of the EMG/EOG data revealed
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differences between PPI at the 6 ms interval and 50 ms SOA
intervals (F [1,12] = 5.19, p < .05).
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Inhibition
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EMG

and
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startle

blink

responses across SOA intervals.

As was shown in the EOG analysis, the difference between
the 6 and 100 ms SOA conditions was even more significant
in the combined analysis (F [1,12] = 6.651, p < .05). This
effect was found to differ significantly between EMG and
EOG (F [1,12] = 5.069, p < .05).
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Discussion
The findings of this experiment support several of the
conclusions reached by Blumenthal (1995). For instance,
significant PPI was detected in all comparisons. EMG
analyses indicated that (a) PPI grows with SOA increases up
to 50 ms, with slight decrease thereafter; (b) PPI of EMG
responses is significantly different when using 6 ms and 50
ms SOA intervals; and (c) differences in EMG responses
using single and double prestimuli within this paradigm are
not statistically different. EOG results reflect (a)
significant startle magnitude differences due to variations
in SOA; (b) a generally similar PPI pattern to EMG using
double prestimuli, with increases across each sequential
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SOA

interval

for

single

prestimuli;

(c)

significant

differences in startle response magnitude using single and
double prestimuli; and (d) significantly different PPI
using 6 ms and 100 ms SOA intervals.
Combined, EMG/EOG analyses revealed similar effects.
First, increasing SOA resulted in greater PPI of startle
blink responses overall, and this effect was greater for
EOG. Second, significant overall differences were produced
using single and double prestimuli. Third, overall
differences between EMG and EOG measures were nonsignificant. Fourth, PPI of EMG and EOG responses was
significantly different between 6 ms and 50 ms SOA
intervals as well as 6 and 100 ms SOA intervals, although
the latter effect was significantly greater for EOG.
As Blumenthal (1995) showed, the sensitivity of EMG
responses to varying degrees of SOA is apparently a
reliable phenomenon. The increase in PPI with greater SOA
is evidently steady until a 50 ms interval is reached. As
demonstrated by Harbin and Berg (1983) , however, PPI is
diminished with greater intervals, such as 100 ms. The EMG
data reported here indicate this pattern using both single
and double prestimuli, as well as within the EOG measure
with double prestimuli. These data imply that SOA
alteration is a practical means by which to impact
prestimulus processing.
The alteration of prestimulus and stimulus intensity
within the present experiment produced nearly the same
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results of the Blumenthal (1995) study. This supports past
research. Graham and Murray (1977) found greater PPI with
more intense prestimuli, with a nearly identical pattern of
PPI across lead intervals. As with that study, the data
from the current experiment indicate that altering the
intensity of acoustical stimuli does not significantly
impact the effects of changing SOA.
The acute sensitivity to SOA interval reported here also
provides similar insight to that of Graham and Murray
(1977) . The latter study showed an asymptotic effect of
progressive lead time that was replicated in Experiments 3
and 4 of this thesis. Blumenthal (1995) also revealed an
asymptote related to PPI, in this case progressive SOA
interval. The fact that these findings were reliably
duplicated with one half the trials bears a strong
implication about required testing duration.
One particular inconsistency was detected between the
original Blumenthal (1995) study and the present
experiment. Whereas significant EMG response differences
were detected in the original study due to SOA interval,
that effect was not significant within the present
experiment. There are several potential explanations for
this. The reduction of trials within the present experiment
may have influenced this effect, as significant differences
are more commonly found with more data. Also, more trials
were rejected in this experiment than in any of Experiments
1-4. While the number of trials in the paradigm used is a
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strong potential influence, the factor of omitted trials is
less noteworthy. This can be argued as despite the
comparatively large number of rejected trials, the SOA
effects upon EMG reported by Blumenthal (1995) were
replicated successfully here.
The discrepancy in number of trials between the original
Blumenthal (1995) study and the present experiment would
have a clear influence upon any PPI habituation effects. As
noted in previous chapters, past ASR studies have reported
changes in the degree of PPI within different prestimulus
conditions over trials due to habituation (e.g., Graham &
Murray, 1977). Blumenthal's study included no habituation
data. However, it incorporated twice the number of trials
as the present study. For this reason, it seems likely that
any influence of habituation upon the sensitivity to SOA
differences would have had a lesser impact in the
experiment described here.
Despite the similarities between the EMG results
reported in the current study and those provided by
Blumenthal (1995) , The EOG data from the present experiment
present a slightly different picture. In support of
Blumenthal's data, significant PPI of EOG responses was
obtained, and the SOA factor was significant. The
progression across SOA intervals was different, however.
EOG inhibition in the current experiment increased in a
linear fashion across SOA intervals, whereas in the
original study PPI increased only up to the 50 ms interval.
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PPI also increased at a different rate across SOA intervals
within the current study. In the Blumenthal study, a
significant increase in PPI occurred between 6 and 50 ms of
prestimulation. The EOG data collected in the present
experiment only showed a significant PPI increase between 6
and 100 ms. This does not support the hypothesis that a 50
ms SOA interval will result in an asymptotic effect, as was
suggested with the EMG data. Rather, the PPI of EOG
responses appears to increase in accordance with SOA
interval up to 100 ms. These data support the hypothesis of
Harbin- and Berg (1983), who found prestimulation of greater
duration to be more effective inhibitors of the startle
blink.
The effect of prestimulus number upon PPI of the EOG
responses represents perhaps the most notable finding of
the present study. Blumenthal (1995) generally found
greater PPI with single prepulses, but that effect was not
significant. It was reasoned that the transient aspects of
prestimulus processing were roughly equitable regardless of
prepulse number. Further, it was believed that by using a
short (150 ms) lead interval any sustained processing would
have a minimal impact. The data from this experiment
suggest that prepulse processing may produce different
effects in the EOG modality. This contradicts the findings
of Experiment 4 of this thesis, and the available
literature in general.

225

The combined EMG/EOG results of this experiment suggest
certain similarities and differences between the two ASR
measures. The degree of PPI was still significant in the
group analysis, and did not differ between the EMG and EOG
modalities. The factor of SOA did not reach significance
overall, but the significant interaction of SOA X response
measure indicated a different progression of PPI across SOA
intervals between EMG and EOG. Although PPI was increased
in both modalities with greater SOAs, this effect was more
readily detected in EOG responses.
The progression of PPI at longer SOAs indicates
considerable difference between EMG and EOG startle
modalities. Whereas PPI of the EMG responses reached
asymptote at the 100 ms interval, EOG responses showed no
such effect. It would appear that the asymptote for PPI in
such instances differs between EMG and EOG measures. The
inhibition of EOG startle responses may begin to decrease
at SOAs in excess of 100 ms, or, as Harbin and Berg (1983)
suggested, perhaps PPI of EOG responses consistently grows
in correlation with SOA interval. Future research will
hopefully provide answers to this question.
The overall difference in PPI due to prestimulus number
noted in this experiment is a central issue for
contemplating prestimulus processing. The difference
between single and double prestimuli as inhibitors of
startle is relatively small when EMG is used. This
difference is considerably larger in the EOG responses,
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leading to a significant difference in the group analysis.
It would appear that, in addition to the transient indices
of stimulus onset and offset, single prestimuli possess
properties that reliably elicit greater PPI in the EOG
channel.
The present data thus show EMG and EOG blink responses
to the same stimuli to possess distinct differences. EOG
appears to be more sensitive to overall changes in SOA, and
prestimulus number. This presents a sizeable contradiction
to the available ASR literature. It is assumed that the
different measures of startle blinks produce equitable data
(Anthony, 1985). Moreover, the studies of simultaneous EMG
and EOG effects have not indicated any such cross-modal
differences (Putnam & Roth, 1990; Sollers & Hackley, 1997).
This indicates the need for further studies of this kind.
One avenue for potential exploration is the comparative
sensitivity of the startle blink to more extended lead
time. Startle responses in such conditions could
potentially reveal previously undetected EMG/EOG
differences. . PPI is reduced in such circumstances and is
eventually eliminated altogether (Graham et al., 1975).
This process represents a different aspect of reflex
modification than the progressive increases in PPI studied
in the present chapter and Chapter 6. Analysing the
comparative sensitivity of EMG and EOG to this process
would make for a more thorough study of startle
modification. This is the purpose of the following chapter.
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Chapter VIII
PREPULSE INHIBITION OF EMG AND EOG STARTLE BLINKS USING
SHORT AND MORE EXTENDED LEAD TIMES
(Experiment 6)
Introduction
It would appear that while certain discrepancies
exist between EMG and EOG startle blink measures, the
comparative prepulse inhibition (PPI) of these measures
as a function of lead time duration is remarkably
consistent (Experiments 3-5) . It remains to be seen
whether this is the case with longer prestimuli. Longer
lead time parameters than those already utilised in the
present work should produce progressively less PPI, and
ultimately prepulse facilitation (PPF) (Graham, 1975).
Parallel sensitivity of EMG and EOG measures at each
stage of this continuum would support the prospect of a
dual channel recording paradigm. The present experiment
was designed with this in mind.
As already noted, the contemporary body of ASR literature
is ripe with research germane to PPI (Blumenthal, 1999).
Due to research by Bloch (1972), Graham et al. (1975),
and more contemporary research (e.g., Filion, Dawson, &
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Schell, 1993, 1994; Norris & Blumenthal, 1996), it is now
clear that startle magnitude increases in a progressive
fashion at lead intervals greater than 120 ms. Eventually
ASR responses exceed those found to control stimuli.
Filion et al. (1993) recorded startle blinks using lead
times of 60, 120, 240, and 2000 ms (see Figure 8.1). As
predicted, significant PPI was observed at the first
three lead times. With 2 000 ms of lead time this effect
was reversed entirely, with significantly greater
response magnitude than in the control (startle stimulus
alone) condition.
The Filion et al. (1993) study was also a good
example of how experimental manipulations can impact SEM.
The authors reported that the manipulation of subjects'
attention to prestimuli significantly increased both PPI
and PPF. The data recorded also emphasise the tendency
for prestimulus effects to change due to repeated
stimulation. A significant lead interval X trial block
effect was reported within the study, demonstrating the
reduction in PPI and PPF effects across trial blocks
visible in Figure 8.1. As testing progresses, it would
seem that a wide range of lead stimulus parameters
becomes increasingly ineffective in modifying the ASR.
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This effect may be accentuated by direction of subjects'
attention to certain aspects of prestimuli.
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Figure 8.1. Progression from PPI to PPF across 3 of 4
trial blocks (Filion et al., 1993).
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These

authors

replicated

their

findings

the

following year (1994) , using lead times of 12 0 and 2 000
ms. One notable feature of this second paper was the
inclusion

of

prestimulus

novelty

as

a

variable.

In

addition to the 800 Hz, "attend" and 1200 Hz "ignore"
prestimuli, the final two stimulus presentations for each
subject involved a change to 1000 Hz tones. As Figure 8.2
demonstrates, the change in prestimulus frequency for the
last

two

trials

("novel"

prestimuli)

produced

significantly greater PPI and PPF. This dishabituation
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Figure 8.2. Startle blink modification using novel (1000
Hz) and familiar (800 Hz) prepulses (Filion et al.,
1994) .
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effect clearly implies that habituation of PPI and PPF
effects is due to consistency in various aspects of
prestimulation. It would seem that prestimulus frequency
is a salient feature of the processing responsible for
PPI and PPF.
Due to these experiments and others (e.g., Hoffman
& Wible, 1969; Putnam, 1990) the impact of short and long
duration prestimulation upon SEM has become clearer.
However, one element missing from these analyses is a
commonly recognised lead time interval responsible for
complete (or near-complete) elimination of PPI. The point
at which PPI startle magnitude equals control levels has
been often estimated. Hoffman and Wible (1969) suggested
that PPI would be indistinguishable from control levels
with 400 ms of lead time. Other ASR researchers have
offered approximate estimates, between 4 00 and 500 ms
(Graham, 1975; Hoffman & Ison, 1980; Anthony, 1985;
Norris & Blumenthal, 1996). Graham (1992) held the
incomplete processing of prestimuli to be responsible for
PPI. Perhaps the full recognition and processing of
prestimulus properties with 400 or 500 ms of lead time is
adequate to nullify the inhibitory properties of
prestimulation.
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Despite the convenience of assuming what lead time
will eradicate PPI, few experiments have upheld a common
hypothesis (e.g., Graham et al., 1975). The Graham et al.
study offered a general overview of the progression of
PPI to PPF. It was demonstrated that an increase in lead
time from 200 to 800 ms was more than sufficient to
remove the PPI observed with 200 ms of lead time.
Prestimulus interval increases beyond 800 ms were
associated with progressive increases in PPF (Figure
8.3). Judging from these data, it would appear that (a)
PPI does in fact decrease to zero in accordance with lead
time increases; and (b) a lead time interval of
approximately 800 ms produces startle responses equal to
those found to startle tones alone. Further clarification
of this issue would benefit a fuller understanding of
PPI.
Context Effects
Graham et al.'s (1975) findings did not
definitively resolve what lead time would fully eliminate
the PPI effect. As only mild PPF was recorded with 800 ms
of lead time, it is quite likely that zero PPF would be
detected with at greater lead intervals than 400 or 500
ms. Later research has provided similar suggestions.
Norris and Blumenthal (1996) measured startle blink
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responses using transient prestimuli with lead times of
30, 120, 480 and 800 ms. In theory this design would seem
to compliment that of Graham et al. (1975) well. The 30
and 120 ms parameters would theoretically elicit an
increase in PPI to asymptote, while the 480 ms interval
would serve as an intermediary between maximal inhibition
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Figure 8.3. Startle inhibition and Startle inhibition and
facilitation effects as reported by Graham et al. (1975).

/

234

and slight PPF. Norris and Blumenthal's results supported
120 ms as the asymptote for human PPI. However, as Figure
8.4 indicates, the 800 ms lead interval did not produce
startle facilitation. Perhaps more notably, significant
PPI was witnessed at the 480 ms lead time interval. These
findings contradict the popular assertion that PPI is
zero when 400-500 ms of lead time are used. Graham et
al.' s report of slight PPF with 800 ms of lead time was
also unsupported. Response magnitude clearly seems to
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Figure 8.4. Startle inhibition across lead time (Norris &
Blumenthal, 1996) .
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grow with increased lead time, yet the proportion of
these increases seems to rely upon situation-specific
factors. The lead time intervals in the studies addressed
above differed considerably; it is possible that the
range of lead time intervals selected bears some
influence upon SEM.
The Lipp et al. (1994) study of PPI and PPF effects
offered some insight regarding this discrepancy. As noted
earlier, the startle magnitude and habituation recorded
in that study demonstrated considerable habituation. At
later stages of the experiment, maximal PPI was detected
with 60 rather than 120 ms of lead time. Responses in the
240 ms condition fluctuated remarkably, actually
rendering PPF in the third and fourth block of trials
displayed (trials 43-84) . Notably, the original Graham
and Murray (1977) study reported a reduction in PPI
across trial blocks, but nothing on the order of Lipp et
al.'s findings. These data reaffirm the claim of Norris
and Blumenthal (1996) that ASR modification in such
paradigms often implies "prepulse effects on startle
responding are probabilistic, not certain" (p.166).
Graham and Murray (1977) suggested that context
effects may be at least partly responsible for the
distorted findings obtained in ASR research. By this
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reasoning, PPI or PPF may be directly impacted by the
range of lead times employed in a given experiment. As
noted, the Graham et al. (1975), Filion et al. (1993,
1994) Lipp et al. (1994) and Norris and Blumenthal (1996)
studies all utilised quite broad ranges of lead time, as
well as task conditions (Filion et al. ; Norris &
blumenthal). Perhaps these experimental manipulations
distort otherwise normal prestimulus processing.
The incompatibility of modern results with the
seminal works of startle modification suggests directions
for future research. A more limited range of lead time
parameters could potentially render reliable information.
Any potential exaggeration of conventional effects (e.g.,
Lipp et al., 1994) may be reduced, producing a less
distorted account of the progression from PPI to PPF. By
using lead intervals of 12 0 ms and greater, the reduction
of PPI can be specifically studied, and any possible
context effects due to shorter lead times can be
circumvented. Such was the purpose of the present
experiment.
Transient vs. Sustained Prestimulation
Another issue of interest with more extended lead
intervals is the comparative effects of transient
(Discrete) and sustained (Continuous) prestimulation.
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This issue has not been the subject of many studies,
perhaps because equitable effects of Continuous and
Discrete prestimuli upon PPI have been so well
established (Anthony, 1985; Graham, 1992). Experiments 3
and 4 of the present work have demonstrated that, within
the same lead interval, single brief prestimuli and more
extended prestimuli are equally effective inhibitors of
EMG and EOG startle blinks. Similarly, Experiment 5
showed short duration single prestimuli to be as
effective as double prestimuli at inhibiting EMG startle
magnitude (Blumenthal, 1995). It would seem that the
processing of the sustained properties of inhibitory
prestimuli renders too little information at short lead
times to produce differential ASR magnitude (Blumenthal,
1999) .
The literature dedicated to PPF has been less
definitive. Graham et al. (1975) reported significant
startle facilitation with both Continuous and Discrete
prestimulus conditions. However, significantly larger
startle blinks were found with Continuous prestimuli
(Figure 8.3). Hoffman and Wible (1969) previously showed
this same effect in rats. As reviewed by Blumenthal
(1999) , Discrete prepulses signal prestimulus onset,
while Continuous prestimulus processing at longer
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durations involves not only stimulus onset but also a
sustained, steady-state, portion of the prestimulus. The
perception of these sustained elements supposedly
produces more accentuated response magnitude than onset
elements, in accordance with lead time interval.
Despite the contemporary interest in the ASR, no
studies published in the last 25 years have
systematically detailed progressive divergent effects of
Continuous and Discrete prestimuli. Rather, the majority
of studies have included one type or the other. Filion et
al. (1993, 1994) used Continuous prestimuli, as did Lipp
et al. (1994). Norris and Blumenthal (1996) employed
Discrete (20 ms) prestimuli. These studies generally
supported the known parameters of ASR modification. As
noted above, however, there were notable exceptions. A
comparison of prestimulus type effects could have
demonstrated any differing effects of Continuous and
Discrete prestimulus processing at short and long lead
times. With this in mind, both types of prestimuli are
included in the present experiment.
As Experiments 3 and 4 detailed the progression of
PPI within EMG and EOG modalities, the present experiment
was intended to study PPI reduction with longer lead
times. It was hypothesised that PPI would decrease with
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progressive increases in prestimulus interval within both
EMG and EOG, using both Continuous and Discrete
prestimuli. It was expected that PPI would be eliminated
entirely with lead intervals of approximately 500 ms,
with a slight degree of PPF witnessed at longer intervals
(Graham et al. , 1975). In accordance with the former
experiments of the present work, it was expected that a
limited number of trials would provide reliable data. As
demonstrated by Filion et al (1993) and .Lipp et al.
(1994), SEM habituation was anticipated. In particular,
it was hypothesised that a general reduction in PPI
effects would be recorded across trial blocks.
Method
Participants
After receipt of approval from the University of
Wollongong human ethics committee fifteen undergraduate
students (nine females, five males; average age 19.5
years, SD = 2.3 years) were recruited to participate in
the experiment as partial fulfilment of the requirements
of a course in psychophysiology. All Ss gave informed
consent prior to the experiment, and reported no history
of hearing loss.
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Design
Apparatus, procedure and data analysis
All aspects of data collection were identical to
Experiment 5, but with alternative lead time intervals.
Lead times of 120, 240, 480, and 960 ms were employed,
with both Discrete and Continuous prestimuli. Prepulses
were 1000 Hz in pitch and 70 dB in intensity. Discrete
prepulses were 2 0 ms in duration. Startle stimuli were
broadband white noise bursts at 95 dB, 50 ms in duration.
Responses were analysed by ANOVA, examining the
following factors: (1) Lead time interval (120, 240, 480
and 960 ms), (2) prestimulus type (Continuous and
Discrete, (3) trial block (1-3), (4) response measure
(EMG/EOG) and (5) Differences from response magnitude in
the control condition due to prestimulation. Within
factors 1 and 3, simple trends were examined. As equal
intervals were not utilised, Lead times were weighted for
analysis of factors 1-4. Comparisons and interactions
involving the control condition were not weighted because
of limitations in ANOVA programs.
Blink magnitude at each lead time interval was
compared with control. This approach is consistent with
past studies of PPI (Lipp et al. , 1994). Bonferroni-type
adjustment to a was not required in these analyses
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because

planned

contrasts

were

used,

with

no

more

contrasts than degrees of freedom for effect (Tabachnick
& Fidell, 1996). Greenhouse-Geisser corrections were also
omitted, because single degree of freedom contrasts are
not affected by violations of symmetry assumptions common
in such repeated measures analyses.
Results
EMG
SEM
Figure 8.5 shows the steady reduction in PPI across
lead times was detected. This was indicated by a
significant linear trend [F (1,13) = 13.88, p < .005). A
significant cubic trend was also noted [F (1,13) = 13.88,
p < .05), as the sharp reduction in PPI between the 120
and 240 ms intervals was diminished at 480 ms of lead
time.
Prestimulus type
No differences were detected in EMG response
magnitude between responses to Continuous and Discrete
prestimuli overall.

/
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Figure 8.5. EMG responses across lead time intervals

Prestimulus type
No differences were detected in EMG response
magnitude between responses to Continuous and Discrete
prestimuli overall.
Habituation
As noted in Figure 8.5, overall EMG response
magnitude diminished remarkably between TBI and TB3, as
reflected in a significant linear trend [F (1, 12) =
26.11, p < .001]. Responses in prestimulus conditions
showed nearly the same effect when analysed separately [F
(If 13) = 28.99, p < .001). A significant linear
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prestimulus interval X prestimulus type X quadratic trial
block effect was also detected [F (1,13) = 6.14, p <
.05). As demonstrated in Figure 8.5, the linear reduction
of PPI across lead intervals was generally more
consistent in Continuous prestimulus conditions. No other
comparisons were significant.
PPI
Significant inhibition of EMG startle blink
responses was detected overall [F (1, 12) = 6.02, p <
.05]. This effect did not differ statistically across
trial blocks, or between Continuous and Discrete
prestimulus conditions. Planned comparisons of PPI
effects produced surprising results. Significant PPI was
found with 120 ms of lead time [F (1, 12) = 16.01, p <
.005], but PPI at the 240 ms interval only approached
significance [F (1, 12) = 4.33, p =.059]. The PPI
detected at both the 480 and 960 ms intervals did not
differ from control levels.
EOG
SEM
As displayed in Figure 8.6, increases in lead time
interval considerably reduced the amount of PPI recorded.
This was reflected in significant linear [F (1, 12) =
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22.33, p <

.001] and cubic

[F (1, 12) = 5.59, p <

.05]

trends across weighted intervals.
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Figure 8.6. EOG responses across lead time intervals

Prestimulus type
No differences were detected in overall response
magnitude as a result of Continuous versus Discrete
prestimulation.

Habituation
Overall EOG response magnitude habituated, as
represented by a significant linear decrease across trial

1
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blocks [F (1, 12) = 17.63, p < .005]. As displayed in
Figure 8.7, the habituation of responses in prestimulus
conditions was significant. This was reflected in a
significant linear trend [F (1, 12) = 12.30, p < .005].
Response habituation occurred within the control
condition as well, as represented by both linear [F (1,
12) = 13.16, p < .005] and quadratic [F (1, 12) = 9.88, p
< .01] effects across trial blocks. Figure 8.7 also shows
a visible difference in the effects of lead time across
trial blocks. This was reflected in a significant linear
lead time X linear trial block interaction [F (1, 12) =
5.86, p < .05]. A significant linear lead time X linear
trial block X C/D effect [F (1, 12) = 10.60, p < .001]
was also detected. It would seem that the linear increase
in response magnitude detected across lead time intervals
was altered as habituation grew across trial blocks, and
to differing degrees with Continuous and Discrete
prestimuli.
PPI
Significant EOG startle inhibition was detected overall
[F (1, 12) = 8.59, p < .025], and was not impacted by
prestimulus type. Notably, a significant quadratic TB X
PPI effect [F (1, 12) = 11.18, p < .01] was found. The
degree of PPI was evidently impacted by habituation,
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although this interaction was not significant in the
linear decrement of response magnitude across trial
blocks.
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Figure 8.7. Combined EMG and EOG responses across lead
time intervals.

Planned comparisons of PPI within the EOG measure
produced slightly different results to the preceding, EMG
data. Significant PPI was found with both 120 ms [F (1,
12) = 26.24, p < .001] and 240 ms of lead time [F (1, 12)

247

= 6.44, p < .05]. PPI•at the 480 and 960 ms intervals did
not differ from control levels.
Combined (EMG/EOG) Analysis
SEM
The combined analysis of EMG and EOG responses
indicated a significant increase in response magnitude
across lead time intervals. This was due to significant
linear [F (1, 12) = 19.72, p < .0025] and cubic [F (1,
12) = 8.18, p < .025] effects across the four lead times
(Fig. 8.7).
Prestimulus type
Differences between the impact of Continuous and
Discrete prestimuli upon response magnitude were nonsignificant .
Habituation
Overall blink magnitude diminished significantly as
trial blocks progressed, as represented by a significant
linear trend [F (1, 12) = 42.56, p < .001]. A similar
habituation pattern was found in the prestimulus
condition responses. Startle magnitude showed a
significant linear decrement between trial blocks 1 and 3
[F (l, 12) = 41.08, p < .001]. Responses within the
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control

condition

also

habituated

significantly,

as

represented by a significant linear trend [F (1, 12) =
13.89, p < .005]. Although response magnitude habituated
more quickly in the prestimulus conditions than control
across trial blocks, this difference was not significant.
A significant linear lead time X quadratic trial block X
prestimulus type effect was noted [F (1, 12) = 13.95, p <
.005]. It would seem that the increases in response
magnitude due to lead time showed a different pattern of
habituation across trial blocks in Continuous and
Discrete prestimuli.
EMG/EOG
Startle reactivity to the various experimental
conditions did not differ between EMG and EOG measures. A
significant linear lead time X linear trial block X
response measure effect was detected [F (1, 12) = 6.56, p
< .05]. This would imply that the linear effect of
prestimulus interval differed between EMG and EOG
responses as response magnitude decreased across trial
blocks.
PPI
As with the individual EMG and EOG analyses, PPI in
the joint analysis reached significance overall [F (1,

249

12) = 10.87, p < .01]. A significant quadratic trial
block X response type X PPI effect was detected [F (1,
12) = 4.94, p < .05]. This suggests that within the
quadratic response trend across trial blocks, a
significantly different degree of PPI was recorded for
EMG and EOG responses.
Planned comparisons using combined, EMG and EOG
data revealed significant PPI at both the 120 ms [F (1,
12) = 30.27, p < .001] and 240 ms intervals [F (1, 12) =
7.88, p < .025]. At the 480 ms and 960 ms lead time
intervals, this effect did not differ from control
levels.
Discussion
The present experiment demonstrates matched EMG and
EOG data to be highly compatible measures of startle
modification at extensive lead time intervals. A
consistent progression from maximal PPI to slight PPF was
detected within each blink modality independently, as
well as within joint (EMG + EOG) analyses. Such analogous
findings support the claim that lead time intervals of
approximately 400-500 ms eliminate PPI (Hoffman & Wible,
1969; Graham et al., 1975; Hoffman & Ison, 1980; Anthony,
1985). As noted, it would appear that the employment of a
narrower range of lead time intervals produces less
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distortion of prepulse effects (Lipp et al., 1994). These
consistent data were detected within both EMG and EOG
blink channels. In this manner, it would seem the EMG/EOG
compatibility earlier shown to apply to short lead time
PPI also applies to testing with longer lead intervals.
The findings of this experiment also contradict
some past results, including those of Blumenthal and
Norris (1996). Lead time intervals of 120 and 480 ms were
used both within that study and in the present work. As
expected, maximal PPI was detected at 120 ms of lead time
in both studies. Unlike Norris and Blumenthal, however,
no significant PPI was found at the 480 ms interval in
the current study. There could be any number of
explanations for this inconsistency. First, Norris and
Blumenthal used only Discrete prestimuli, whereas both
Discrete and Continuous tones were used in the present
study. Although both prestimulus types elicit comparable
PPI effects (Graham & Murray, 1977), the Filion et al.
(1994) study described earlier indicates that altering
even minor prestimulus parameters may potentially impact
the effectiveness of those prestimuli. The Filion et al.
Study also highlighted the impact of task conditions upon
SEM. By using a single prestimulus type, or assigning an
experimental task, the Norris and Blumenthal study may
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have incurred a familiarity effect that was diminished or
avoided in the present experiment.
As noted above, the selection of particular lead
intervals has been reasoned to cause experimental context
effects. This factor was discussed previously as a
contributing element to the findings of Filion et al.
(1994) and Lipp et al. (1994). The longest lead time
within the present experiment was precisely twice as
great as the longest interval used by Norris and
Blumenthal (1996) . This may have impacted the degree of
PPI recorded.
The minor differences in response magnitude due to
Continuous and Discrete prestimulation reported here
imply certain conclusions about temporal summation and
ASR habituation. Within each independent blink measure
and the group analysis, Continuous and Discrete
prestimulation led to differences in the pattern of PPI
recorded across trial blocks. Within the range of lead
times selected, it would seem that transient and
sustained processing do not result in different response
magnitude. The sensitivity of EMG and EOG measures to
lead time duration is equally susceptible to change
across trial blocks, however. Prestimulus type
significantly influences this reaction.
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The present

experiment

also contributes

to the

study of potential differences between EMG and EOG
startle measures. The significant linear lead time X
linear trial block X response measure effect detected
implies that the two blink measures are subject to
different rates of habituation. The linear effect of lead
time in the EOG measure habituated significantly more
quickly than that noted in EMG. The EOG data from trial
block 1 reveals a strong linear effect of lead time,
which is moderated in the remaining two blocks of the
experiment. The significant linear effect detected in the
EMG responses remained more or less the same throughout
the experiment. This highlights the utility of a combined
measurement strategy: Despite the extensive commonalities
in EMG and EOG data, the two measures bear some degree of
difference. These differences evidently are enhanced when
extended lead time intervals are utilised.
The present experiment extends the findings and
inferences of the Graham et al. (1975) study, as well as
others by Anthony (1985), and Hoffman and Ison (1980). As
these authors maintained, startle inhibition is indeed
negatively correlated with lead time duration at
intervals in excess of 120 ms (Graham & Murray, 1977). As
popularly maintained, it would seem that 400-500 ms of
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lead time is sufficient to negate the inhibitory effects
of prestimulation. This is the case in both EMG and EOG
measures of the ASR. The minor differences detected
between the two startle blink measures at more extended
lead intervals calls for further investigation in this
area.
It is the purpose of the following and final
experiment to examine startle facilitation at various
lead times. By using intervals of 500 ms and longer, it
should be possible to determine more precisely the
termination point of PPI, and inception of PPF. A
comparison of EMG and EOG startle facilitation data
should serve as a final comparison of the two modalities.
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Chapter IX
ASR EYEBLINK FACILITATION DUE TO PROGRESSIVE INCREASE IN
LEAD TIME
(EXPERIMENT 7)
Introduction
As an accompaniment to the copious literature
dedicated to PPI, a great deal of work germane to startle
blink facilitation has also been performed (Putnam &
Vanman, 1999). It has been widely maintained that startle
magnitude is facilitated above control (startle tone alone)
levels when lead time approaches several hundred ms
(Anthony, 1985). While the point at which prepulse
inhibition (PPI) reaches zero is of debate, prepulse
facilitation (PPF) with extensive lead time intervals is a
consistent phenomenon in both animals and humans (Hoffman &
Wible, 1969; Graham et al. , 1975). Contradictions in the
literature imply that the information-processing mechanism
responsible for PPF is not fully understood (Putnam, 1975;
Filion et al., 1993; Jennings et al. , 1996). The present
experiment was performed to gain some insight on this
issue.
As discussed in the previous chapter, researchers
have yet to agree upon the prestimulus parameters
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responsible

for the

PPF effect

(Putnam,

1990) . Anthony

(1985) argued that PPF was initiated using lead times in
excess of 500 ms, whereas more recent studies have found,
to the contrary, startle inhibition at intervals nearly
twice as great (e.g., Norris & Blumenthal, 1996).
Similarly, Putnam (1975) claimed that PPF would
consistently increase in correlation with lead time at
intervals as great as 2000 ms, but be reduced at longer
intervals. The available literature puts this claim in
question (Filion et al., 1993, 1994; Jennings et al.,
1996) . Together, these findings indicate that PPF effects
are considerably less predictable than those of startle
inhibition. Further clarification of this issue could be of
invaluable use to ASR researchers.
Several explanations of the startle facilitation
effect have been offered. It is generally agreed that the
PPF mechanism differs from that which is responsible for
PPI. As addressed in Chapters 6 and 7, PPI is believed to
be due to the interruption of prestimulus processing
(Graham, 1980) . Hoffman and Wible (1969) argued that this
process dissipated at more lengthy lead intervals. Putnam
(1975) reasoned that, when lead time was extended, the
character of the lead stimulus was better defined, which in
turn produced facilitation effects. Graham (1980, 1992) has
expounded upon this hypothesis. She believed that with
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greater

lead

time,

subjects

more

fully

recognised

the

aversive properties of startle stimuli. Greater PPF was
created as prestimuli came to signal the imminent
presentation of a startle stimulus, and the cognition of
such "warning signals" was enhanced with increases in lead
time. Research performed by Putnam and colleagues supported
this hypothesis, as response magnitude grew in accordance
with lead times as long as 16 seconds (cited in Putnam &
Vanman, 1999) .
At a more fundamental level, Graham (1975) noted that
PPF occurred in conjunction with HR deceleration. Graham
took this to indicate that PPF was associated with
orienting processes, and required HR deceleration to occur.
As she writes, "The termination of orienting [by startle
stimulus onset] results in a rapid rebound of physiological
effects which leads to blink facilitation" (p.246). This
has come to be regarded as the "rebound hypothesis" of
startle facilitation (Putnam & Vanman, 1999).
Researchers have since come to view PPF differently.
Bohlin and Graham (1977) disproved the rebound hypothesis,
by instructing subjects to estimate the duration of startle
stimuli presented following extended lead times. Because
orienting was supposedly intrinsic to the requirements of
the experimental task, it was hypothesised that this effect
would not cease when the startle stimulus was presented.
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The authors reasoned that physiological rebound, including
PPF, would therefore also not occur either. The findings of
the study showed that contrary to these hypotheses,
subjects instructed to estimate prestimulus duration
actually showed reliable PPF. Thus, any effects of
estimating prestimulus duration did not impact the PPF
mechanism. From this the authors concluded that PPF was
actually not due to the cessation of orienting processes.
The rebound hypothesis was rejected on these grounds.
Anthony (1985) and Putnam (1990) have proposed modern
alternatives to the rebound hypothesis. These works
maintained that PPF is actually not due to the cessation of
orienting but rather to prolonged orienting, and the
resulting enhanced sensory processing. This belief is
reflected in Graham's (1992) model of stimulus processing.
According to this line of reasoning, long lead intervals
initiated generalised orienting, and the processing of
sustained prestimulus elements. Graham believed that PPF
was due to greater attention to the qualities of a
prestimulus. At extended lead intervals, prestimuli are
perceived as increasingly startling.
Another aspect of the Graham (1992) model may explain
the differences in response magnitude when Continuous and
Discrete prestimuli are used. Continuous and Discrete
prestimuli are believed to inhibit startle to an equal
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degree

at

short

lead

times

because

with

such

short

prestimulation, only transient prepulse aspects
significantly affect PPI. This situation is changed with
longer lead times, as sustained aspects of prestimuli
impact prepulse processing. The sustained properties of
Continuous tones are perceived in such instances, and
consequently lead to greater PPF than Discrete prestimuli.
Sollers and Hackley (1997) recently proposed a novel
view of the PPF mechanism which highlights the importance
of lead time interval to PPF. This study found that while
listening to the prestimuli of the experiment, subjects
reported a need to blink that grew in proportion with lead
time interval. PPF was thus explained as the result of an
increased need to blink. Subjects in the Sollers and
Hackley study were required to direct their attention to
the prestimuli used, and this variable affected the degree
of PPF recorded. Although this experimental manipulation
differs from many of the earlier ASR studies, the Sollers
and Hackley findings match nicely with Graham's (1975)
rebound hypothesis. That is, as lead time is increased a
fuller perception of prestimulation initiates the blink
component of the ASR.
There are ample experimental data to show that PPF
increases with progressive increases in lead time. As
detailed in the previous chapter, Graham et al. (1975)
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showed a steady increase in blink magnitude across lead
times of 200, 800, 1400, and 2000 ms. Significant PPF was
found with the 2000 ms lead time interval, and the effects
of Continuous and Discrete prestimulation came to differ
significantly as lead time increased. Ultimately, the
facilitation obtained with 1400 and 2000 ms of lead time
was found to be significant with both Continuous and
Discrete prestimuli. As noted in the previous chapter,
however, the PPF obtained using sustained prestimulus
conditions was significantly greater. Graham et al.
proposed that attentional and sustained effects combined to
create this difference. It was reasoned that with extended
lead time subjects were able to more fully process each
prestimulus. At more lengthy intervals (1400 and 2000 ms),
Continuous prestimuli also alerted subjects' attention, and
hence caused responses of larger magnitude.
Lead intervals of 2000 ms have been shown to elicit
significant PPF in several prominent studies (Lane, Ornitz,
& Guthrie, 1991; Filion et al., 1994; Sugawara, Sadeghpour,
De Traversay, & Ornitz, 1994). Sugawara et al., 1994;
Schell et al., 1995; Jennings et al. , 1996). In each of
these works, subjects were instructed to direct their
attention to the prestimuli used. This factor reliably
enhanced PPF effects (as well as PPI with shorter lead
times) . It would appear that the attentional effect
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proposed by Graham et al. (1975) to explain PPF actually
enhances the temporal summation process at both short and
long lead times.
More recent ASR research with humans indicates that
PPF continues to increase with lead times in excess of 2000
ms, and that attention effects are limited. Putnam (1990)
showed a linear increase in ASR facilitation with 2000 to
5600 ms of lead time, including a PPF increase from 35 00 ms
to the 5600 ms prestimulus parameter. Notably, PPF only
occurred at such long lead times within particular
experimental conditions. Like the Putnam (1990) experiment,
Jennings et al. (1996) showed that a considerable degree of
selective attention may be required to produce accentuated
prepulse modification effects. In the latter work, startle
tones were inserted at intervals of 120, 2000, 4500 and
6000 ms within high or low pitched prestimuli, 7 seconds in
duration. It was reported that only subjects who both (a)
attended to the prestimuli and (b) counted the number of
high or low pitched tones showed the predicted, accentuated
PPI/PPF effect. Subjects who were instructed only to listen
to the experimental stimuli did not demonstrate accentuated
PPI/PPF effects. This latter group did however show
progressive PPF up to the 6000 ms interval. These findings
imply that accentuated prepulse modification effects rely
upon substantial attention to the prestimuli.
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Much concerning the phenomenon of startle facilitation
remains to be explored. Contemporary work using long lead
times indicates that the number of trials presented to
subjects can directly affect results. Lipp et al. (1994)
demonstrated this effect, using lead times ranging from 30
to 2000 ms. Significant PPI was recorded with 240 ms of
lead time, but across the first 21 stimulus presentations
only. A similar pattern was reported for the slight PPI
originally detected with the 500 ms lead interval. In this
latter instance the PPI reported within trials 1-21
completely disappeared with further testing, with slight
PPF detected for the remainder of the experiment. Lipp et
al. suggested that perhaps the large range of lead times
used in their study influenced the reported PPI. In such
experimental designs, analyses of PPI habituation should
clearly be a priority.
More recently, Sollers and Hackley (1997) suggested
that simultaneously using alternative measures could
potentially clarify some of the unsolved issues germane to
PPF. Using lead times of 1500, 3000 and 4500 ms, a dual
paradigm of EMG and EOG blink modalities was used. As
demonstrated in Figure 9.1, EMG and EOG startle magnitude
were practically identical across the 1500 and 3000 lead
intervals. Such comparable results suggest that the
combination of EMG and EOG startle measures should be
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explored further. Prestimulation evidently has uncertain
effects upon PPF, and with a dual-measure paradigm the
extent of this unreliability could be ascertained.
Unfortunately, the compatibility of EMG and EOG measures
with long lead times has not been tested before or since
the Sollers and Hackley study. For this reason, such a
comparison is included in the present experiment.
The neglect by most ASR researchers of PPF effects
while using transient and sustained prestimulation is also
a concern. The significant differences reported between
processing of Continuous and Discrete prestimuli (Graham et
al., 1975) have received little experimental support. It
also remains to be seen what becomes of transient and
sustained prestimulus processing at lead intervals in
excess of 2000 ms. The assumption that transient and
sustained prestimuli will produce increasingly distinct
effects is largely unverified.
The matter of transient and sustained prestimulus
processing at long lead intervals may be of central
importance to understanding the ASR. Graham (1992) has
provided a rationale for the different effects of transient
and sustained prestimuli with extended lead times, but few
authors have directly tested this hypothesis. With this in
mind, it is the purpose of the present experiment to
examine ASR responses using prestimuli that elicit startle
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500 ms

of

lead

time

will

be

tested

once

again.

The

likelihood that 2000 ms of lead time is the asymptote of
PPF will also be examined. As suggested by Graham et al.
(1975) , the effect of prestimulus type should also grow in
accordance with lead time, with significantly different
effects between Continuous and Discrete prepulses at longer
intervals (Graham, 1992).
Since the central purpose of this thesis is to examine
the concurrent effects of EMG and EOG startle measures,
both EMG and EOG data were collected in the present
experiment. Blink data were analysed both including zero
responses and with zero responses replaced with averages.
This was done in an attempt to partially apply the findings
of Experiments 1-3 of this study to the present experiment.
Keeping or rejecting zero responses was not a variable of
considerable impact within either Experiments 1-2 (startle
stimuli only) or Experiment 3 (PPI) . To note and compare
EMG and EOG results using longer lead intervals, the
matched / independent data analysis strategy utilised in
Experiments 1-4 was employed.
Method
Participants
Twenty subjects (twelve females, eight males; mean age
= 19.7, SD = 1.7 years) participated in fulfilment of the
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requirements for an introductory course in Psychology. No
subjects reported a history of hearing loss and all gave
informed consent prior to the experiment.
Stimuli, Design, and Procedure
Startle stimuli were 95 dB white noise bursts with
instant rise time, 50 ms in duration. Prepulses were 70 dB
tones with instant rise time. Lead time intervals of 500,
1000, 2000 and 3000 ms in duration were used. Transient
prestimuli were 120 ms in duration.Prepulses were followed
by gaps of silence co-extensive with lead time period.
Sustained prestimuli lasted for the duration of the lead
time interval. All procedural elements were identical to
those of Experiment 6.
Data Analysis
Blink responses commencing within a time window of 21120 ms after startle stimulus onset were analysed.
Averaging acceptable responses for each subject within the
designated time window produced a mean score for each
subject. Data from all prestimulus conditions were analysed
as proportions of control condition magnitude from trial
block 1 (i.e., control M = 1.0). ANOVA procedures were used
to examine EMG, EOG, and combined (EMG+EOG) effects with
the following factors: (1) mean PPI / PPF effects; (2)
response habituation (control and prestimulus conditions)
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across trial blocks;

(3) lead time duration

(500, 1000,

2000, 3000 ms) ; (4) prestimulus effects (Continuous vs.
Discrete), and (5) Measurement type (EMG vs EOG).
Polynomial trends were examined in relation to factors 2
and 3. Additional, planned contrasts were also performed,
to facilitate comparisons with past studies. Overall PPI at
the 500 ms interval was tested, to verify the reliability
of this parameter in minimising PPI (Anthony, 1985).
Increase in PPF strictly across the lead times of 1000,
2000 and 3000 was examined, as lead time of those
parameters have been shown to produce reliable facilitation
(Graham et al., 1975; Sollers & Hackley, 1997). To examine
whether PPF would continue to increase with lead time
greater than 2000 ms, PPF effects at the 3000 ms interval
were examined, as well as differences in PPF between the
2000 and 3000 ms lead intervals. Finally, to examine the
hypothesis that PPI habituates with 500 ms of lead time
(Lipp et al., 1994), habituation of prestimulus effects
witnessed within the 500 ms lead time condition were
tested.
Because lead time intervals were weighted to
facilitate polynomial trend interpretation, a variation in
data analysis was required. SPSS special contrasts, as used
in previous experiments, were used to generate all effects
which included control measures. A separate weighted-
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intervals polynomial trend analysis over 4 levels was used
to obtain all the non-control effects reported. Given the
wide range of lead times used, pronounced linear trends
across intervals were expected. These are reported in
Tables 9.1-9.4., under the heading "Lead time effects."
Other salient orthogonal trends are addressed in the text.
Former experiments in this thesis have demonstrated an
independent data analysis approach produces results similar
to matched analyses. It was expected that this would be the
case with the present design also. The inclusion of zero
responses and the effect this would have upon the
matched/independent analysis comparison was unknown. By
nature, inclusion of such data would enhance habituation
effects. They would also decrease response magnitude, as
any zero responses which were replaced would be larger than
zero. Given the increased amplitude of ASRs within PPF
studies, the disparity between zero responses and averages
would certainly grow. The present experiment examined
whether this effect would impact the proper examination of
PPF.
Results
Rejected Trials
A total of 540 EMG and EOG responses were recorded.
Early EMG signal activity led 3% of these (16 trials) to be
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omitted, and zero responding was observed in 2% of the data
(9 trials). Eight percent of all EOG data were rejected due
to early activity in the response signal (42 responses).
Ten zero EOG responses were noted (2%).
Matched Analysis
EMG Data (Zero Responses Replaced)
PPI / PPF
Overall response differences from control were not
significant. PPI with the 500 ms lead interval was not
significant, yet PPF was nearly significant with 3000 ms of
prestimulation (F [1,19] = 4.39, p = .05). The difference
from control across all lead time conditions was not
significant. These data are displayed in Figure 9.2.
Habituation
A linear trend across trial blocks indicated that
responses in all stimulus conditions habituated
significantly (F [1,19] = 14.17, p < .0025). Habituation
did not differ between control and lead time conditions.
SEM
Linear (F [1,19] = 23.99, p < .0001) and quadratic (F
[1,19] = 6.122, p < .025) orthogonal trends across lead
intervals were detected. Response amplitude thus increased
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steadily across lead time intervals. This was reflected

in

a nearly significant difference in response amplitude
between the 2000 and 3000 ms intervals (F [1,19] = 3.90, p
= .063) .
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Figure 9.2. Progression of EMG responses across lead times
within the matched analysis (zero responses replaced).

Prestimulus type
Although it did not interact with any of the preceding
analyses, significant overall differences were noted
between Continuous and Discrete conditions (F [1,19] =
5.57, p < .05). Sustained prestimuli produced significantly
larger startle responses.

1
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EOG Responses (Zero Responses Replaced)
PPI/PPF
Startle amplitude differences from control were not
significant overall. PPI approached significance at the 500
ms interval (F [1,19] = 3.46, p = .078), while PPF was
significant with 3000 ms of lead time (F [1,19] = 4.94, p <
.05). No other PPI/PPF comparisons were significant.
Habituation
Overall response decrement across trial blocks was
highly significant, as shown by significant linear (F
[1,19] = 19.17, p < .0001) and quadratic (F [1,19] = 5.55,
p < .05) trends across trial blocks. These data can be seen
in Figure 9.3. No habituation comparisons between control
and lead time conditions were significant.
SEM
EOG response magnitude grew significantly across the
various lead time conditions, as revealed by significant
linear (F [1,19] = 21.46, p < .0001), quadratic (F [1,19] =
5.87, p < .05), as well as cubic (F [1,19] = 7.86, p <
.025) trends. Response magnitude using 3 000 ms of lead time
was almost significantly greater than at the 2000 ms
interval (F [1,19] = 4.33, p = .051).
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EOG

startle

blink

data

across

lead

intervals

using the matched analysis method (zeros replaced).

Prestimulus effects
No significant effects of prestimulus type were noted.

EMG + EOG Data (Zero Responses Replaced)

PPI/PPF
As Figure 9.4 demonstrates, combining EMG and EOG data
strengthened those effects visible in the responses of each
blink channel. Significant PPI was detected with 500 ms of
lead time (F [1,19] = 4.46, p < .05), and significant PPF
was noted with 3000 ms of lead time. No other comparisons
were significant.

Habituation
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Table

9.1.

Effects

of

matched

EMG

and

EOG

data

(zero

responses replaced with averages).

EMG EOG
CONTRAST

F

P

F

P

Control/prestim

.056

.816

.125

.728

PPI (500 ms)

3.71

.069

3.46

.078

PPF (3000 ms)

4.39

.05

4.94

.039

Overall PPF

1.15

.297

1.80

.195

Habituation

14.17

.001

19.17

.000

Lead time

23.99

.000

21.46

.000

2000 vs 3000 ms

3.90

.063

4.33

.051

Contin./Disc

5.57

.029

2.78

.112

EMG + EOG
CONTRAST

F

P

Control/prestim

.110

.744

PPI (500 ms)

4.46

.048

PPF (3000 ms)

6.34

.021

Overall PPF

1.91

.183

Habituation

23.68

.000

Lead time*

35.47

.000

2000 vs 3000 ms

5.79

.026

Contin./Disc

5.07

.036

*A11 table reported lead time values are linear effects.
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Prestimulus effects
Significantly greater response amplitude was produced
using Continuous than Discrete prepulses (F [1,19] = 5.07,
p < .05). This difference did not produce any interactions
with the other independent variables in the design.
As proposed above, the data collected will now be
pesented with zero responses included. Following this, the
data will be examined using the independent strategy, with
substituted averages as well as zero responses.
EMG Data (Zero Responses Included)
As Figure 9.5 demonstrates, including zeros in the EMG data
set did not significantly impact the effects detected.
Overall response magnitude was reduced. This undoubtedly
contributed to the nearly significant PPI observed in the
latter analysis with the 500 ms lead interval (F [1,19] =
4.16, p = .056), and perhaps to the lack of differences
detected using Continuous and Discrete prestimuli (see
Table 9.2) .
EOG Data (Zero Responses Included)
Unlike EMG, the EOG data recorded were
considerably affected by the inclusion of zero responses in
the matched analysis. As Figure 9.6 illustrates,
differences in EOG response magnitude in the Control and
lead time conditions was significantly less when zeros were
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included

(F

[1,19] = 5.26, p <

.05). This was further

demonstrated by significantly smaller response magnitude
with the 3000 ms interval (F [1,19] = 8.12, p < .01) as
well as with the 1000, 2000, and 3000 ms intervals combined
(F [1,19] = 9.10, p < .01). Lead time effects were also
significantly altered. Significant interactions for EOG
data were detected in the zero/no zero comparison for
linear (F [1,19] = 4.18, p < .05), quadratic (F [1,19] =
5.63, p < .025), and cubic (F [1,19] = 5.13, p < .05) lead
times. The inclusion of zero responses literally erased the
prepulse facilitation noted in the first analysis, when
zeros were replaced with averages.
Combined (EMG + EOG) Data (Zero Responses Included)
The contrasts within this analysis including both EMG
and EOG data showed similar results to those from the nozeros analysis. As expected, the significant PPF from the
former analysis was no longer detected. PPI was found in
both analysis with 500 ms of lead time, but when zeros were
considered this effect grew progressively smaller across
trial blocks (F [1,19] = 8.75, p < .01). The PPF effect was
a significant factor also. PPF using the 1000, 2000, and
3000 ms was significantly greater for EMG than EOG
responses (F [1,19] = 7.20, p < .025). Lead time effects
within the combined analysis were as robust as within each
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of the individual

(EMG/EOG) analyses

(Table 9.2). As Figure

9.7 indicates, however, the general response progression
was subject to change across trial blocks. This was
evidenced by a cubic lead time X linear trial block effect
that approached significance (F [1,19] = 4.36, p = .05). A
distinct quadratic lead time effect differing between
response channels was also detected (F [1^19] = 5.18, p <
.05) .
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Table 9.2. Effects of matched EMG and EOG effects, with
zero responses included. Values indicated with (*) actually
represent PPI, not PPF.

EMG

EOG

CONTRAST

F

P

F

P

Control/prestim

.022

.882

12.67

.002

PPI (500 ms)

4.16

.056

11.39

.003

PPF (3000 ms)

3.27

.085

3.184*

.09*

Overall PPF

.38

.543

10.47*

.004*

Habituation

12.81

.002

13.35

.000

Lead time

22.09

.000

7.10

.015

2000 vs 3000 ms

4.80

.041

1.53

.232

Contin./Disc

3.88

.064

.042

.840

EMG + EOG
CONTRAST

F

P

Control/prestim

3 .65

.071

PPI (500 ms)

16.7

.001

PPF (3000 ms)

.159

.695

Overall PPF

1..31

.266

Habituation

30 .15

.000

Lead time

43 .52

.000

2000 vs 3000 ms

3.,82

.065

Contin./Disc

1.,06

.316

In summary,

the matched analysis

strategy produced

those SEM effects that would be expected given the lead
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time parameters, but with certain limitations. Whereas EMG
data showed consistent results whether or not zero
responses were included, this latter proviso led to serious
compromises of in the ability of EOG responses to detect
PPF. It is clear that including zeros will reduce overall
response magnitude, and this may have significant
implications for PPF experiments.
Independent Analysis
Zero Responses Replaced
EMG Data
As displayed in Figure 9.8, a pattern of results
generally analogous to that produced in the matched
analysis was rendered (see Table 9.3) . Certain differences
were pronounced, however. For instance, significantly more
PPI was obtained within the independent analysis using 500
ms of lead time (F [1,19] = 7.0, p < .025). Both linear (F
[1,19] = 5.83, p < .05) and cubic (F [1,19] = 6.77, p <
.025) lead time effects were also more pronounced in the
independent analysis, whereas the change in magnitude
between Continuous and Discrete prestimulus conditions
across trial blocks was significantly greater in the
matched analysis (F [1,19] = 7.663, p < .025).
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Figure 9.8. EMG responses across trial blocks

(independent

analysis, zero responses replaced).

EOG Data
No significant interactions of analysis type were
observed for EOG data, with zero responses not considered.
The averaged EOG responses displayed Figure 9.9 show a
nearly identical pattern to those obtained from the matched
analysis of EOG data. Notably, EOG amplitude was found to
be significantly different between the 3000 and 2000 ms
conditions only when the independent strategy was used.
Likewise, the significant quadratic and cubic lead time
effects noted for the EOG channel were detected using the
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matched strategy only. No significant

effects were noted

due to the replacement of zero responses with withinsubject averages.
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Figure 9.9. EOG startle blink responses across trial blocks
(independent analysis, zero responses replaced).

EMG and EOG Combined Analysis
The combined EMG and EOG responses using the
independent analysis method showed predictable differences
(see Table 9.3). Significantly greater PPI was detected in
the independent analysis (F [1,19] = 8.67, p < .01).
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Startle

amplitude

for

averaged

EMG

and

EOG

responses in trial blocks 1, 2 and 3 (Zeros replaced).

Slightly

distinct

sensitivity

to

PPF

was

also

observed.

Namely, significant differences between response amplitude
were detected in the 2000 ms and 3000 ms conditions using
the independent method only (F [1,19] = 6.34, p < .025). No
other salient differences were found.
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Table 9.3. EMG and EOG effects using the independent method
of analysis (zero responsesi replaced with averages).

EMG

EOG

CONTRAST

F

P

F

P

Control/prestim

.003

.954

.089

.768

PPI (500 ms)

6.95

.025

3.91

.063

PPF (3000 ms)

5.41

.031

5.30

.033

Overall PPF

1.34

.262

1.74

.203

Habituation

15.138

.001

19.13

.000

Lead time

21.79

.004

22.69

.000

2000 vs 3000 ms

4.05

.058

5.17

.035

Contin./Disc

5.914

.025

3.10

.094

EMG + EOG
CONTRAST

F

P

Control/prest im

.t341

.842.

PPI (500 ms)

6 .65

.018

PPF (3000 ms)

7 .36

.014

Overall PPF

2 .03

.171

Habituation

24 .85

.000

Lead time

34 .25

.000

2000 vs 3000 ms

6 .34

.021

Contin./E•isc

5,.58

.029

A final round of comparisons was performed to provide
details of the independent data analysis method, with zero
responses included.
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Zero Responses Included

EMG data
Figure 9.11 illustrates the quite similar prestimulus
effects detected for EMG responses using the independent
analysis strategy and the matched strategy reported above.
No doubt due to the inclusion of data with zero magnitude,
a significantly greater
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Figure 9.11. EMG responses within the independent

analysis

across lead intervals (zeros included).

degree of PPI was detected with the 500 ms interval in the
independent strategy (F [1,19] = 5.30, p < .05). Perhaps as
a consequence of this increased PPI, the linear lead time
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effect was greater when the independent strategy was used
(F [1,19] = 6.46, p < .025). No other comparisons were
significant.
EOG Data
Despite the EOG differences between matched and
independent strategies, neither significant PPI nor PPF was
produced in the independent analysis (Table 9.4). As Figure
9.12 demonstrates, a cubic lead time effect was detected (F
[1,19]= 7.75, p < .025). As noted perhaps most evidently in
trial block two, the increases in lead time did not produce
strictly linear effects for EOG.
As Figure 9.12 demonstrates, including zero responses
in the independent analysis did not produce deflated EOG
response magnitude as in the matched analysis. In fact, the
overall difference between control and lead time conditions
was significantly different for the two analysis strategies
(F [1,19]= 11.126, p < .005). The independent analysis
revealed greater PPF at the 3000 ms interval (F [1,19] =
14.063, p < .0025) as well as the 1000, 2000, and 3000 ms
intervals combined (F [1,19]= 26.702, p < .0001).
Differences in the two methods were further revealed in
significant linear (F [1,19]= 7.67, p < .025), quadratic (F
[1,19]= 4.42, p < .05) and cubic (F [1,19]= 5.01, p < .05)
lead time interactions. As independent analyses of EOG do
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not provide the distortion of prestimulus effects

observed

in the matched analysis with zero responses included, the
effectiveness and propriety of the data analysis strategy
used to monitor EOG startle effects is clearly an issue to
be explored further.
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Figure 9.12. EOG responses within the independent

analysis

(zero responses included).

EMG + EOG results
Most of the standard SEM effects were detected in the
combined analysis. The inclusion of zero responses was
evidently not responsible for the general diminution of
overall PPF detected in the matched analysis, as when zeros
were added to the independent analysis PPF was still nearly
significant (See Table 9.4). SEM was significantly

1
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different due to analysis method with 3000 ms of lead time
(F [1,19]= 22.69, p < .0001) and combined 1000, 2000, and
3000 ms intervals (F [1,19]= 37.77, p < .0001). This led to
a significant overall difference from Control in the lead
time conditions due to independent / matched analysis type
(F [1,19]= 13.50, p < .0025). Interestingly, these
significant interactions were not due exclusively to
analysis type. Blink channel was another contributing

1.20
1.00
0.80

A'

TB 1
TB 2

0.60
0.40
0.20
0.00

TB 3

•—-Control
-•—Continuous
•A---Discrete
1

I

500 1000 2000 3000

1

r

1

1

1

500 1000 2000 3000

r

T

1

1

1

-i

500 1000 2000 3000

Lead time (ms)

Figure 9.13. Combined EMG and EOG data from the independent
analysis (zero responses included).
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Table

9.4.

EMG

and

EOG

effects

within

the

independent

analysis (zero responses included).

EOG

EMG
CONTRAST

F

P

F

P

Con/lead

.041

.842

.099

.756

PPI (500 ms)

.0045

.947

.292

.595

PPF (3000 ms)

4.68

.043

1.53

.231

Overall PPF

1.21

.284

.76525

.393

Habituation

14.89

.001

15.06

.001

Lead time

23.56

.000

33.023

.000

2000 vs 3000 ms

6.13

.023

2.011

.172

Contin./Disc

3.60

.073

3.06

.096

EMG + EOG
CONTRAST

F

P

Con/lead

.007

.933

PPI (500 ms)

.289

.289

PPF (3000 ms)

4.24

.054

Overall PPF

1.23

.282

Habituation

20.79

.000

Lead time

40.04

.000

2000 vs 3000 ms

6.16

.023

Contin./Disc

3.84

.065
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Factor. PPF at the 3000 ms interval showed a significant
analysis type X response type interaction (F [1,19]= 8.37,
p < .01), as did the 1000, 2000, and 3000 ms intervals
combined (F [1,19]= 18.04, p < .0001). These data indicate
that certain differences exist between matched and
independent analysis strategies, but also in EMG and EOG
blink responses. Whereas EMG blinks present similar effects
due to inclusion of zero responses or when matched with
data from another channel, EOG blinks are quite sensitive
to such changes.
Discussion
The findings of the present experiment may be
summarised as follows. First, both significant PPI and PPF
were generally found with the range of lead times used.
Second, significant overall habituation across trial blocks
was recorded in nearly all analyses. Although this was
largely found to not impact the degree of PPI and PPF
obtained, it clarifies habituation as a robust phenomenon
in PPF even with short duration testing. Third: Significant
increases in startle magnitude were generally found over
progressive lead times in both EMG and EOG measures, yet it
appears that the treatment of zero responses and cross
analysis of blink data from different channels can
significantly impact experimental findings. Unlike with
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testing of prepulse inhibition, PPF research may require
special attention to this factor.
The 500 ms lead interval used in this experiment
produced reliable PPI- using both continuous and discrete
prestimulation in several analyses. This refutes the claim
of such authors as Anthony (1985) , that 500 ms of
prestimulation is sufficient to reduce PPI to zero. The
degree of PPI recorded in the 500 ms condition did change
with repeated stimulation, however. Within the independent
EMG analysis (zero responses replaced), significant PPI was
found in that condition within TB 1, but did not reach
significance for the remaining two blocks of trials. These
findings support Lipp et al. (1994), demonstrating that PPI
often habituates quickly in startle facilitation designs.
Interestingly, the significance of the PPI and PPF
detected was linked to the data analysis strategy used.
With the independent analysis, PPI was detected only when
zero responses were replaced with averages (and then only
with EMG and combined, EMG + EOG analyses) . With the
matched analysis method, reliable PPI was only found when
zero responses were included. These findings contradict the
overall non-significant effects of zero response
inclusion/replacement. Rather, it would seem that the
diminution of response magnitude associated with the
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inclusion

of

zero

responses

can

determine

whether

PPI

reaches significance.
A similar case could be made for the PPF data
collected. Using the independent method, significant PPF
was observed at the 3000 ms lead interval for all analyses
from which, zero responses were excluded. When zero
responses were included, however, only EMG data showed
significant PPF. More salient differences were detected due
to using the matched data analysis method. Using this
latter method, no significant PPF was detected when zero
responses were included in the analysis. On the contrary,
the opposite, PPI effect was found. Such conditional
significance for a readily recognised ASR phenomenon
indicates how important is researchers' choice of data
analysis method.
The somewhat unexpected EOG response pattern witnessed
in the matched analysis (zeros included) warrants further
explanation. As noted above, 42 of the 540 EOG responses
were omitted from all analyses due to early blinking or
signal distortion. The independent analyses performed
showed that the EOG data showed an expected progression
from PPI to PPF despite removing this number of responses
(8% of the total) . When EOG data was matched with EMG,
however, this mandated the rejection of considerably more
trials. As one of the purposes of this experiment was to
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use a limited number of trials, within-subject averages
were more likely to be influenced by trial rejection. This
would particularly be the case when trials with zero
responses were included. Within subject variability would
be increased further, and response magnitude generally
decreased. Due to the influence of these factors, the
matched analysis with zeros included reflected the
inhibition of EOG data at lead times clearly associated
with PPF. The inspection of the other EOG analyses
performed clarifies this further. To realise the potential
of EOG as an index of PPF, the number of trials rejected
should be closely monitored. The analyses performed of
matched EMG and EOG data that replaced zero responses were
also .reliable. When matching EOG with EMG data in
experiments of this type, zero responses should perhaps be
replaced with within subject averages.
Unlike with the analyses of PPI performed in
Experiment 3, it would seem that PPF studies are more
readily influenced by the inclusion of zero responses, and
manipulation of analysis method. Several analyses from this
experiment showed independent and matched analysis methods
to reveal significantly different amounts of PPI at the 500
ms lead interval for combined EMG and EOG data. The
independent analysis also showed considerably greater PPF
using the independent analysis (when zeros were added).
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Figure 9.14. Independent and matched analyses for EMG
(left) and EOG (right) across lead times

(zero responses

replaced) .

The overall prepulse modification effects detected in
this experiment reflect the robust nature of startle blink
modification.

Significant

linear

effects

of

lead

time

interval were detected for all EMG and EOG analyses. Other
orthogonal trend effects were commonly detected as well,
which

indicate

that

the

significant

rise

in

startle

magnitude over lead intervals was not purely linear. These
findings reflect the.results of Sollers and Hackley (1997),
who showed a similar effect as well as a slightly different
quadratic orthogonal effect across lead time for EMG and
EOG.
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Despite the differences between EMG and EOG measures
noted above, the present experiment indicates these
measures are quite compatible as indices of the ASR. The
use of either measure exclusive of the other would involve
omitting significant effects detected in the joint
analysis. For example, the EOG data collected indicated no
significant differences between Continuous and Discrete
prestimulus effects in any analysis. EMG data, however,
showed significant prestimulus type effects in both
independent as well as matched analyses, with zero
responses replaced. Likewise, using the independent
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analysis method and replacing

zero responses, EMG data

detected no significant difference between response
amplitude in the 2000 and 3000 ms conditions. This could
potentially explain the unusual findings of some EMG
studies that utilised the same strategy of data analysis
(e.g., Norris & Blumenthal, 1996). If those authors had
collected EOG data, their findings may have been less
contradictory.
PPF differences between the 2000 ms and 3 000 ms
intervals in this experiment were found to be largely nonsignificant. This general lack of significant results may
explain past inconsistencies surrounding PPF research.
Hoffman and Wible (1969) concluded that ASR magnitude in
rats remained equal or diminished slightly when lead times
of longer than 2000 ms were used. Graham (1975) reviewed
several potentiometer studies that demonstrated a similar
effect in humans. The data reported here suggests that PPF
increases in accordance with lead interval, such as shown
by Putnam (1990). As demonstrated by Sollers and Hackley
(1997), it would certainly seem that PPF is correlated with
increases in lead time up to three seconds in duration.
The significant linear trends in response magnitude
detected across lead time intervals hold certain
implications for information processing. Despite the large
response amplitude common to PPF, startle blink magnitude
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still decreases rapidly over trials. Interestingly, this
habitution did not interact significantly with either the
PPI or PPF detected. It appears that in the early stages of
habituation, neither the mechanism responsible for PPI nor
for PPF habituate.
The findings of the current study regarding transient
and sustained prestimulation both support and contradict
the available literature. Continuous prepulses were found
to produce larger responses than Discrete prepulses, in
particular analyses. These findings support data presented
by Graham et al. (1975). However, a comparison of those
data with the results of the current experiment reveals
clear differences. Graham et al. indicated that the
differences between responses in Continuous and Discrete
conditions were more pronounced with progressively longer
lead intervals. In this experiment, no such change
occurred. The difference in startle magnitude between
Continuous and Discrete conditions was nearly equal at all
lead intervals, suggesting quite different prestimulus
processing. Graham et al. (1975) referred to their data as
providing evidence of increased sustained processing with
Continuous prestimuli. The present experiment indicates
this also. However, the present data suggest that the
differences between Continuous and Discrete prestumuli are
relatively stable across lead time.
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There

are

many

possible

explanations

for

these

results. As neither EMG nor EOG responses showed such a
lead time X prestimulus type effect in the present study,
perhaps the effect reported by Graham et al. was due to
measurement type. The data in that study were recorded
using potentiometer techniques. The comparability of
potentiometer and EMG data has long since been resolved
(Anthony, 1985). However, potentiometer, EMG and EOG
measures are measures of different physiological phenomena.
At lead times that produce PPF, the differences between
potentiometer measures and the two indices used in this
study may become more significant.
The number of trials used may also be of importance.
Perhaps the different prestimulus processing effects noted
by Graham et al. (1975) become more apparent only when
several blocks of trials are used. The within-subjects
effects obtained when using considerably different lead
times is another potential explanation. As mentioned in the
previous chapter, use of a wide range of lead time
intervals has been known to influence prepulse modification
effects (e.g., Norris & Blumenthal, 1996). The present
study appears to indicate that the range of lead times used
may impact on the degree of prestimulus processing.
The present study has further illustrated the
compatibility of EMG and EOG startle blink measures.
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However,

the

matched

analysis

strategy

that

has

been

offered in this thesis as a means of more reliably
calibrating the startle blink appears to have its
limitations. Due to the robust responding inherent to PPF
studies, including zero responses in matched analyses makes
this an ineffective form of studying EOG startle blink
facilitation. In order for the benefits of matching blink
channels to be realised, it is likely that zero responses
must be replaced with data of greater magnitude, such as
within subject averages.
Future research will undoubtedly further explore the
utility of dual eyeblink channel recording in studying ASR
facilitation. Inclusion of two reliable blink indices
guarantees the validity of the data analysed. With proper
treatment of zero responses, EMG and EOG data can be
matched such that trials not clearly matching the profile
of proper startle blinks can be detected and removed. Like
the PPI data reported in the earlier experiments of this
thesis, significant PPF can be assessed effectively in two
blink channels, using relatively few trials.
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Chapter X
GENERAL DISCUSSION
Measurement of the startle blink has not generated a
great deal of controversy, but the formal comparison of
alternative blink measures has not been extensive. Recent
research has highlighted this as a possible shortcoming
(Gehricke et al., 1997). Within a dual measure analysis,
the more subtle characteristics of the startle blink may
emerge as hallmarks of the ASR. The present study has
demonstrated this, in several experimental contexts.
This thesis was written to clarify several unresolved
questions in contemporary ASR reseach. In 1985, Bruno J.
Anthony stated that the different startle blink measures
"give roughly comparable results" (p.171). The casualness
of this statement elicited the concern of the present
study's author. While eyeblink potentiometer data have been
shown to be compatible with both EMG (Graham et al., 1981)
as well as EOG startle measures (Clarkson & Berg, 1984),
detailed comparisons of EMG and EOG startle are largely
absent from the literature. This raises the question of
whether the startle blink is indeed currently being
calibrated as well as possible.
The author's concern over Anthony's (1985) review of
the PPI and PPF research and hypotheses of that era also
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contributed

substantially

the

impetus

for

this thesis.

Although Graham's (1980) rationale for PPI makes intuitive
sense, both this hypothesis and the generally accepted
parameters of PPI lack thorough substantiation. First, the
precise validity of prepulse processing interruption cannot
currently be verified experimentally. Likewise, Anthony's
(1985) review of the PPF literature available at that time
raised additional serious concerns. The reduction of
startle amplitude across lead times in excess of 120 ms
seemed particularly dubious. Although the 120 ms parameter
was readily offered as the point of maximum PPI, no
definitive lead time duration was suggested as being able
to completely reduce PPI effects (zero prepulse
modification). Anthony's suggestion of "approximately 400
ms" (p.179) has not been supported with published data. The
brief review of PPF in the Anthony chapter was almost as
nebulous. It was suggested that 2000 ms of lead time was
responsible for maximal PPF, yet this claim is largely
unverified. The studies cited generating that claim did not
test PPF effects at intervals in excess of 2000 ms, and
hence cannot serve as evidence of PPF effects beyond that
lead interval. From these data, it appeared to this author
that even the basic lead time parameters associated with
PPF were, at best, educated guesses of true startle
modification effects.
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ASR

research

up

to

1985

paid

little

concentrated

attention to prestimulus temporal summation effects at long
lead intervals. A few authors, notably Graham et al.
(1975), showed that the difference in startle amplitude
between transient and sustained prestimulus conditions
increases markedly as lead time increases. A limited range
of lead time intervals was used, however. The amount of
lead time required for Continuous prestimuli to produce
larger responses than Discrete prestimuli was not
established. Nor was it shown whether alternative blink
measures would be equally sensitive to this variable.
Other questions this thesis sought to answer concerned
habituation/sensitisation effects across testing sessions,
and the importance of the quantity of data commonly
collected. The ASR habituates quickly across trials (Graham
&. Murray, 1977) . However, research from before 1985
comparing different startle blink measures did not
emphasise different habituation rates for separate blink
measures. This could be a crucial variable, given the
common practice of reporting the average of obtained
responses (across trial blocks) within each stimulus
condition. According to Anthony (1985), response magnitude
diminishes more rapidly across trials in control (startle
stimulus only) conditions than in conditions involving
prestimuli. This claim immediately raises the question of
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how habituation affects PPI, and the effects of various
lead time parameters. If the effects of prestimulation
differ across trials, the number of responses recorded will
have a definite impact upon the results obtained. ASR
research until 1985 did not explore this issue in detail.
Finally, the present work sought to address the issue
of how testing duration in ASR research affected reliable
results. Copious amounts of data are commonly collected in
ASR studies. For instance, until 1985, such experiments
commonly utilised 9 trial blocks, with total testing time
of nearly one hour (e.g., Graham & Murray, 1977). Yet
Graham (1975) had reported prestimulus effects to be
visible immediately, from the first stimulus presentation
of an experiment. If startle modification effects actually
occur at the outset of testing, the collection of several
trial blocks of data would seem to be a redundant exercise.
Shortening the startle testing protocol overall, while
preserving prestimulus and habituation effects, would be a
considerable innovation.
As the basic research for this thesis progressed, it
became evident that more recent work in startle blink
modification had not rectified many of the issues raised in
Anthony's (1985) chapter. A few studies have utilised both
EMG and EOG startle responses (Putnam & Roth, 1990;
Gehricke et al., 1997; Sollers & Hackley, 1997). These
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papers

showed

EMG

and

EOG ASR

amplitude

to

generally

covary. ASRs in the two blink modalities show similar
response morphology, commensurate sensitivity to startle
stimulus duration and rise/fall time, and habituate across
trials in a nearly identical fashion. Some central issues
pertaining to the ASR were not addressed in the
aforementioned studies, however. Only Sollers and Hackley
measured both EMG and EOG responses across progressive lead
times, and that study did not compare cross-modal lead time
effects. Hence, it was undetermined as late as 1997 whether
EMG and EOG responses were complementary measures of
prepulse modification. Unlike Gehricke et al.'s
recommendation (state it again here), it seemed sensible to
inspect the nature of EOG data as a prospective dependent
variable in ASR testing.
At the time this thesis was initiated, issues
pertaining to startle modification at longer lead times
remained as undecided as at the time of Anthony's (1985)
review. Many authors still continue to claim that PPI is
reduced to control levels with 400 or 500 ms of lead time
(Blumenthal, 1999). This claim has received some empirical
support (e.g., Lipp et al. , 1994), however, enough data to
the contrary have been reported to warrant re-evaluation of
that hypothesis (Norris & Blumenthal, 1996) . It now seems
likely that prepulse modification is dependent upon lead
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time interval as well as other factors, such as the various
lead time intervals included in a given study. Few
researchers have troubled to point this out (Lipp et al.,
1994), and no studies have thoroughly addressed the issue.
Despite considerable research, at the time this thesis
was planned, the lead time parameters associated with PPF
were not nearly as consistent as those associated with PPI.
Use of a broad range of lead times in within-subjects
designs can influence SEM considerably. The lead time
required to produce small amounts of PPF in such designs
can vary by several hundred milliseconds (Blumenthal &
Norris, 1996). The lack of consistent findings in this area
signalled a need for further research that the present
study could hopefully provide. Using different blink
measures in this endeavour seemed to be a particularly
fruitful prospect.
Authors since Anthony (1985) have made some effort to
account for habituation of ASR responses and prepulse
modification effects. It would seem that, traditionally,
the amount of PPI does not diminish across trials, although
some evidence exists to the contrary (Lipp & Krinitzky,
1998). A study comparing the habituation of different
blink measures and their modification seemed to be a
necessary venture for a complete understanding of the ASR.
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Notably,

the

findings

of

modern

ASR

studies

are

limited somewhat by the use of a single prestimulus type.
ASR studies (particularly of PPF) since 1985 appear to have
abandoned the concurrent use of transient and sustained
prestimuli. This factor was considered redundant with long
lead interval research, largely due to the findings of
earlier studies, such as Graham et al. (1975). Transient
and sustained prestimuli are both effective elicitors of
PPF, although differentially so. The prospect of comparing
different startle blink measures once again made this issue
seem pertinent. If the results of Graham et al. (1975) were
reflected in each of the different blink measures, the
exclusion of transient/sustained comparisons in later
research would be supported. If different results were
detected across blink channels, however, a new contribution
to the understanding of the ASR could be provided.
Basic Startle Elements
Analysing related yet distinct measures of a common
process invites several practical complications. Among
these is the matter of selecting precisely which data to
use as substance for cross-modal comparison. In their
comparison of alternative startle blink measures, Clarkson
and Berg (1984) rejected all trials that did not render
both acceptable potentiometric and EOG startle blinks. This
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standard has been followed to some extent by researchers
comparing EMG and EOG startle responses (Putnam & Roth,
1990; Sollers & Hackley, 1997) . It has been argued in this
thesis that such a matched analysis strategy could
potentially compromise a definitive view of simultaneous
EMG and EOG startle activity. As only those trials that
contain reliable EMG and EOG activity are used, it is
possible to examine EMG and EOG under identical conditions.
To demonstrate the utility of this analysis method, EMG and
EOG data were also tested independently.
Another, comparatively minor issue of consequence was
the treatment of blink responses with amplitudes of zero.
Some ASR researchers commonly include such data (e.g.,
Graham & Murray), but others exclude them (e.g.,
Blumenthal, 1996). The impacts of these alternate
methodologies have not been formally addressed, and doing
so would thus represent another novel contribution to the
ASR literature. Further, it would establish which strategy
would accommodate the utility of a limited experimental
paradigm.
It was decided that an analysis of fundamental startle
blink elements would be a good starting point in comparing
different measurement strategies. By testing blink
responses to single white noise startle stimuli, the
response morphology of the different response channels
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could be

analysed.

Habituation

could

also

be

detected

without the influence of alternative conditions
incorporating prestimuli. Parallel results in such a
context within alternative blink channels would establish a
context and justification for further exploration with a
dual-index approach.
While the use of simple startle stimuli was pondered,
it was reasoned that such stimuli would also accomodate a
brief investigation of autonomic startle components. The
general dimensions of HR and SC startle responses have been
extensively reviewed (Turpin et al., 1999). It was thought
that a replication of these findings would validate past
research, and possibly elucidate additional elements of the
ASR. Alternating stimulus intensity has previously been
found to significantly affect blink amplitude. Commensurate
data within autonomic channels would suggest that a central
mechanism governs ASR production. Similar rates of
habituation between autonomic and blink responses would
only emphasise this point.
The decision to reduce the number of stimulus
presentations for the first study was partly by design and
partly out of necessity. Comparing autonomic and blink ASR
measures is much more feasible within a design containing
limited trials, due to habituation of such measures as the
SCR. Using a full-length testing paradigm would have been
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counterproductive in this sense, as SCRs would undoubtedly
habituate to zero. Since one of the central questions of
the thesis was to be whether startle blink research
required extensive testing, reducing the number of trial
blocks for the initial few experiments appeared logical. It
was originally decided that if such a limited paradigm
adequately represented the ASR, a similar strategy would be
used in successive experiments, utilising prestimulation.
The limited testing hypothesis was verified.
Experiment 1 examined EMG, EOG, HR and SC responses to
single, high intensity white noise probes with immediate
rise time. Measures were taken across 2 blocks of 9 trials.
All acceptable HR and SC responses were analysed.
Similarly, all EMG and EOG responses that were not
contaminated by signal activity within 50 ms prior to
stimulus onset were analysed. To display more fundamental
characteristics of EMG and EOG startle responses, the
latency of response onset and peak was noted within each
blink response modality. Results showed that EMG and EOG
responses are highly correlated in overall response
morphology and time of onset. EOG startle responses were
found to peak significantly later than EMG, and habituated
significantly faster across trials than did EMG responses.
These findings were unaltered by analysing matched or
independent EMG and EOG data. The number of zero responses
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was too

small

to

impact

the

findings. Based

on these

results, it was concluded that a degree of difference
between the two measures existed. Significant autonomic (SC
and HR) responses were also detected, with habituation
rates notably different from startle blinks. HR responses
showed significant acceleration between 0.0-4.0 sec.
following startle stimulus onset. This response pattern did
not habituate over trials or between trial blocks in either
acceleration or response amplitude . The significant SC
response detected habituated significantly across trials,
with little overall response amplitude within trial block
2. This rate of habituation was significantly more
pronounced than that found with either EMG or EOG, although
this effect differed across trial blocks.
It was stressed that the different rate of habituation
between EMG and EOG measures may represent a fundamental
difference between the two measures. Orbicularis oculi
(EMG) activity is a relatively indirect measurement of the
blink, with simple muscle flexion as the variable of
interest. Electrooculogram recordings reflect actual eyelid
movement, and from this point of view represent a
considerably more complicated process. Distinct habituation
rates between these measures to a simple startle stimulus
suggested that EMG and EOG may not be thoroughly compatible
in alternative experimental conditions.
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EMG and EOG data in Experiment 1 were analysed using
several different methods. The idea of the study was to
observe EMG and EOG reactions under similar experimental
conditions. Consequently, the decision was made to analyse
blink data using matched and independent methods. In the
first instance only those trials for which both reliable
EMG and EOG responses were produced were analysed. In the
second instance, blink data from each channel were also
examined without consulting the opposing blink measure. No
significant differences were produced using these two
methods. The preferred, matched analysis strategy was
validated as an experimental process.
The autonomic data collected in Experiment 1
contradicted the conclusions of many previous authors. A
similar rate of habituation has been commonly detected in
SC and blink responses (Lipp et al., 1994; Lipp & Siddle,
1998; Orr et al. , 1997; Shalev et al. , 1997), but this
effect was not found within Experiment 1 of the present
study. SC responses habituated far more rapidly than either
EMG or EOG startle blinks. It was noted that the literature
comparing such habituation largely contained studies using
prestmuli, and startle stimuli of considerably greater
duration. The use of prestimuli has been shown to alter the
rate of habituation (Graham & Murray, 1977). Likewise,
increasing stimulus duration directly affects blink
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amplitude (Blumenthal & Berg, 1986) . These data suggested
that the comparative rates of startle blink and SC
habituation could be a product of stimulus duration. In
this case, by using brief startle stimuli a crucial
difference between eyeblink and autonomic startle measures
could be revealed.
Experiment 1 indicated that brief, high intensity
stimuli suitably elicited ASRs. The question of sensitivity
to degrees of stimulus intensity seemed a natural next
step. Experiment 2 was thus dedicated to exploring the
impact of alternative stimulus intensities upon the
amplitude and habituation of EMG, EOG, SC and HR measures.
It was hypothesised that if the ASR was sensitive to
stimulus intensity, startle response amplitude would differ
between the 75, 85 and 95 dB intervals. The number of
trials to use was reconsidered, in the light of Experiment
1. The former study had incorporated 2 trial blocks, which
only rendered two data points for habituation (trial block)
analyses. By adding another trial block to the design, not
only linear but also quadratic orthogonal trends could be
studied. It was hypothesised that if using three trial
blocks provided additional data, this design would be
contemplated for the subsequent experiments.
Results showed that both blink measures as well as SC
responses were sensitive to stimulus intensity, whereas HR
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was not.

Experiment

2 produced

some

rather

unexpected

habituation results. As demonstrated in Experiment 1, the
combined analysis of EMG and EOG data showed significant
habituation across trial blocks, while HR did not habituate
significantly. Independent analyses of EMG and EOG data
showed reliable habituation in each channel. However,
analyses using the preferred, matched strategy showed that
only EOG habituated significantly. This reflected the
findings of Experiment 1, which implied that the
sensitivity of EMG and EOG blink habituation measures was
different. SC habituation was also non-significant. This
was particularly surprising, as in Experiment 1 SC
habituated more rapidly than any other measure. When
alternative stimulus intensities are utilised, perhaps
habituation to startle stimulation is altered.
The data reported in Experiments 1 and 2 together
generated a series of conclusions about fundamental startle
eyeblink and autonomic responses. First, EMG and EOG are
highly comparable indices of startle blink magnitude. The
latency to peak of responses in the two channels differs,
but EMG and EOG startle blinks show a very similar response
progression. Second, EOG responses habituate significantly
faster than EMG when a single stimulus intensity is used.
When multiple stimulus intensities are used, EMG and EOG
habituation rates no longer differ significantly. Third,
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both SC and HR are sensitive to high intensity stimulation.
SC but not HR is sensitive to slight variations in stimulus
intensity. SC responses were also shown to habituate more
readily than HR responses. HR responses did not habituate
in either Experiments 1 or 2, while significant SCR
habituation was found in Experiment 1. As noted, that
effect was reversed within Experiment 2, most likely
because of stimulus variation/novelty.
Experiments 1 and 2 were conducted to provide a
foundation for comparing EMG and EOG blink measures in more
complex experimental contexts. Given the data collected, it
was clear that both measures were reliable indices of ASR
magnitude. The remaining experiments in the thesis explored
the effects of prestimulation upon EMG and EOG startle
blink amplitude.
Prepulse Inhibition effects
Experiments 3 and 4 were intended to determine whether
startle modification could be successfully tested with a
limited trial block design. In Experiment 3, EMG data were
collected using the PPI paradigm of Graham and Murray
(1977), with weighted comparisons of lead time across 30,
60, 120 and 240 ms. Experiment 3 included 9 trial blocks,
and it was hypothesised that significant habituation would
occur across all portions of the testing sessions. Such
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results would imply that PPI effects in EMG responses were
reliable and strictly dependent upon lead time interval,
despite habituation and prestimulus type. Zero responses
were also included in . Experiment 3. This was done to
explore whether the inclusion of such data had any effect
upon PPI or lead time effects. Due to the common practice
of replacing zero responses with within-subject averages,
it was assumed that the treatment of zero responses would
have no significant bearing upon the obtained results.
The data collected strongly supported these
hypotheses. Eyeblink responses to prestimulated startle
tones were similar for transient and sustained prestimuli,
and showed the same pattern of inhibition across lead
times. As expected, EMG responses were equivalent to the
Graham and Murray (1977) potentiometer data. The inclusion
of zero responses had no effect. The data strongly
suggested that these combined effects were demonstrated at
all stages of the experiment. Analyses of results within
trial blocks 1-3, 4-6 and 7-9 showed a general habituation
of response magnitude, with the same lead time effects
across intervals. Hence, contrary to what is suggested
within the original study, Graham and Murray's paradigm is
equally valid when considerably fewer of the originally
designated stimulus presentations are employed.
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In

an

effort

to

show

EMG

and

EOG

compatibility

Experiment 4 included data in both modalities, with the
number of trial blocks reduced to 3. The Graham and Murray
(1977) design was once again replicated, with highly
similar data in EMG and EOG measures. The sensitivity of
each modality to lead time interval was highly similar. A
combined analysis of both measures showed significant
habituation of blink response amplitude across trial blocks.
Interestingly, separate analyses of the two blink channels
showed that EMG responses habituated significantly, whereas
EOG did not.
The findings of Experiments 3 and 4 strongly suggested
that three trial blocks are adequate to measure startle
inhibition. Consistent PPI effects were detected in EMG
measures throughout a full length, 9 trial block paradigm.
These same effects were then replicated with both EMG and
EOG measures, using only 3 trial blocks. The results
obtained in Experiment 4 using the matched data analysis
strategy were highlighted as particularly important. The
commonalities between these data and those of the
independent analyses implied that using matched data was a
reliable strategy. The different habituation rates of the
two blink measures implied that alternative mechanisms were
reponsible for EMG and EOG prepulse modification.
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Stimulus Onset Asynchrony Manipulation
Experiment 5 was intended to probe the sensitivity of
EMG and EOG measures to small changes in prestimulation,
within a single, inhibitory lead interval. Past research
(Blumenthal, 1995) showed that single and double prestimuli
presented during a lead time interval of 15 0 ms would
elicit similar effects. By extending the duration of single
prestimuli and prestimulus pairs within this same lead
interval, it had been shown that PPI could be progressively
increased.
Experiment 5 utilised Blumenthal's (1995) design,
using three trial blocks. Results indicated a similar
pattern of PPI to the Blumenthal study and replicated the
similar response amplitude with single and double
prestimuli, within the EMG channel only. Different effects
were found in the EOG analyses, with significant
differences between single and double prestimuli and a
different PPI response pattern to EMG. This was interpreted
to reflect a different temporal summation process within
the EOG startle measure. Single prestimuli elicited greater
PPI in both blink modalities, but particularly in the EOG
measure. EMG data reflected a greater sensitivity to
prestimulus duration, while EOG responses differed more
reliably with prestimulus number.

317

The findings of Experiment 5 suggested that, despite
the similarities of prepulse modification within EMG and
EOG modalities, these two response channels were in some
ways fundamentally different. To present a more inclusive
view of both modalities, further experimentation was
warranted.
PPI Reduction
Experiment 6 was designed to examine a more common
question surrounding the ASR. It is widely assumed that, as
lead time increases to more extensive intervals beyond 120
ms, PPI is reduced to zero. Prestimulation at such extended
intervals is thought to have no effect upon prepulse
modification. When lead time is extended yet further, PPF
is commonly initiated. Few studies have explored this
phenomenon, and their results do not clarify the lead
interval at which PPI is fully negated. Rather, it would
appear that PPF relies to a considerable degree upon the
range of lead time intervals used (Lipp et al., 1994;
Norris & Blumenthal, 1996). With this in mind, Experiment 6
incorporated a comparatively narrow range of lead times to
monitor the reduction of PPI from asymptote to zero within
EMG and EOG measures, transient and sustained prestimuli
were used, as prepulse modification has been shown to
differ between prestimulus types at longer lead intervals
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(Graham et al., 1975). It was hoped that the longest lead
interval employed would produce slight PPF. In this manner
it could be noted approximately how much lead time was
required to eliminate PPI.
Results showed a consistent progression from maximal
PPI to slight PPF within both EMG and EOG measures. PPI
reduction across lead time intervals was noted within
separate as well as combined analyses of the two blink
channels. Notably, the popular claim that lead time
intervals of approximately 400-500 ms eliminate PPI was
supported (Hoffman & Wible, 1969; Graham et al., 1975;
Hoffman & Ison, 1980; Anthony, 1985; Lipp et al. , 1994).
Differences in these findings from other contemporary
research were taken to imply that a more narrow range of
lead time intervals invokes less response distortion due to
context effects (Lipp et al., 1994). Prestimulus type was
found to be non-significant, indicating similar processing
of transient and sustained prestimuli at the intervals
selected. In all analyses EMG and EOG were found to be
compatible. It would seem that the EMG/EOG compatibility
shown to apply to short lead-time PPI also applies to
testing with longer lead intervals.
Startle Blink Facilitation
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A final experiment was performed to examine whether
similar EMG and EOG modification would occur with longer
lead intervals than those used in Experiment 6. Experiment
7 utilised lead times that past authors had associated
strictly with PPF: 500, 1000, 2000 and 3000 ms (Anthony,
1985) . Both transient and sustained prestimuli were again
used, and the matched/independent analysis strategy common
to Experiments 1-4 was utilised, with zero responses both
considered and rejected. It was hypothesised that, although
response magnitude would undoubtedly habituate, prestimulus
type would be a significant factor. The differences between
Continuous and Discrete prestimuli as elicitors of PPF are
particularly significant at longer lead intervals (Graham
et al., 1975). It was believed that if results commensurate
with the literature could be demonstrated using the
different data analysis methods proposed, questions
concerning proper data analysis methods dealt with in the
earlier experiments would be answered. In this case, the
application would be to the domain of startle facilitation.
If the experiment showed EMG and EOG data were similar in
such a context, the combined results of the present study
would have shown extensive cross-modal compatibility in the
predominant ASR research areas. This would serve as an
effective conclusion to the series of experiments presented
here.
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The findings of Experiment 7 generally reflected the
hypotheses posed, with notable exceptions. Significant
increases in startle amplitude were found over progressive
lead times in both EMG and EOG measures. Significant
habituation across trial blocks was recorded in nearly all
analyses, with slight EMG/EOG differences. Over all
prestimuli, the degree of prepulse modification (difference
between lead time conditions and control) did not change
significantly across trial blocks. However, EMG and EOG
channels demonstrated significantly different sensitivity
to lead time in some comparisons. SEM effects were thus
subject to some degree of different habituation depending
upon response channel.
As expected, larger responses were found in sustained
rather than transient prestimulus conditions. This
supported the hypothesis that such differences were only
pronounced with lead intervals associated with considerable
PPF. Response amplitude was also found to increase between
lead intervals of 2000 and 3000 ms within the EOG and
combined analyses. This demonstrated that PPF continues to
grow at lead times in excess of those commonly selected
(Filion et al., 1993) .
Experiment 7 of the present study is a good example
of how such things as context effects and data analysis
approaches can impact startle modification. Contrary to
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common

assumptions,

the

lead

times

utilised

largely

produced significant PPF effects. As noted, the 500 ms
interval largely resulted in significant PPI overall.
However, in the previous study (Experiment 6) , the amount
of PPI found with 480 ms of lead time was non-signif icant.
These seemingly contradictory results imply that the
particular set of lead time intervals used in a study have
a pronounced impact upon the observed effects. Such
findings are relatively common in the literature (Norris &
Blumenthal, 1996; Lipp et al. , 1994). The informationprocessing mechanism responsible for these effects
represents a topic for future discussion. By detailing this
process we may come yet closer to fully understanding the
ASR, and PPF.
The prestimulus effects recorded in Experiment 7 imply
the similarities between EMG and EOG responses, with
certain exceptions. Although similar lead time effects were
observed in both measures, EOG data was considerably more
sensitive to the inclusion of zero responses. Using matched
data with zero responses, the amplitude of EOG responses
was reduced considerably. In this sense, EMG appeared to be
a more reliable PF index. This study suggests that a
reduced experimental paradigm including both EMG and EOG
PPF measures should replace zero responses with withinsubject averages. When this was done in Experiment 7, EOG
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results reflected some significant effects not detected in
the EMG signal. Examples of these include slightly
increased sensitivity to longer lead intervals (3000 ms) ,
and differences in prestimulus type. It would appear that a
thorough and balanced review of PPF at the lead times
selected requires both EMG and EOG blink measures.
One of the original hypotheses of this thesis was
that an abbreviated experimental protocol might establish
new standards for startle modification. Experiments 1-7
strongly suggest that the number of trial blocks required
to properly test startle can be greatly reduced from what
is commonly used. Several trial blocks were not needed to
collect sufficient data. At least one response in each
condition was elicited from each subject, in all
experiments. Significant response decrease across trial
blocks was found for all combined, EMG/EOG habituation
analyses, even when as few as two trial blocks were used
(Experiment 1). Hence a full-length testing paradigm is not
necessary to obtain reliable ASR data (Graham, 1975;
Anthony, 1985) . The use of more trial blocks enhances
reliability, yet due to habituation this effect may not be
detected. The present work makes clear the need to document
the habituation of ASR responses and SEM effects.
Experiments 3-7 imply that reducing trial blocks does
not compromise the averaged effects of PPI. The importance
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of reduced-session ASR testing becomes more apparent when
noting the commonalities of alternative startle blink
measures. Experiments 4-7 of the present work addressed the
central issue of this thesis: the compatibility of EMG and
EOG measures during startle blink modification. Despite
some evidence of EMG/EOG incompatibility (Gehricke et al.,
1997) , EMG and EOG measures of startle have been shown to
be generally similar (Putnam & Roth, 1990; Sollers &
Hackley, 1997). The present work supports this latter
hypothesis. The sensitivity of EMG and EOG measures to lead
time duration and habituation was not significantly
different in any of the experiments in this thesis. Rather,
remarkable similarities were demonstrated between the two
measures. Experiments 4 and 6 showed that either EMG or EOG
data could essentially be substituted for the other without
impacting the overall results. The differences detected
between EMG and EOG in Experiments 5-7 did not reflect
different sensitivity to lead time. Both blink measures
clearly appear to be compatible measures of SEM at varying
lead times.
Table 10.1 further illustrates this point. The
across-subjects data from Experiments 4-7 were analysed,
with the mean EMG response profile across control and lead
times from each experiment being correlated with the
corresponding mean EOG profile. As indicated, the two
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startle blink response profiles were highly correlated in
each instance. This contributed to sizeable shared variance
values, which imply that EMG and EOG responses largely show
the same stimulus-response patterns (Figure 10.1).
The present study also indicates that simultaneous
EMG and EOG data collection is warranted. Although both
blink measures showed significant habituation in Experiment
1, EOG habituated significantly more quickly. Experiment 2
showed similar results. EMG habituation did not reach
significance in that study, implying that the use of
different stimulus intensities may counter habituation
effects. By examining EOG data it was possible to see that
startle blinks do in fact habituate in such conditions. By
using both EMG and EOG, slightly different perspectives of
the same phenomena are provided. This is clearly seen in
the amount of shared variance between measures in
Experiments 4-7 (Table 10.1). It would seem that distinct
experimental paradigms affect the degree of EMG/EOG
similarity to some degree.
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Table 10.1.
Correlation and shared variance of EMG and EOG startle
blink amplitude profiles for Experiments 4-7. Matched data
are displayed (zero responses replaced with averages).

Experiment

Correlation
(r)

Shared Variance
(r2)

4

.84

.71

5

.86

.74

6

.84

.71

7

.95

.89

Similar conclusions can be reached by analysing the
results

of

Experiment

prestimulation

effects

4.

Although

nearly

were

obtained

in

measures, overall EOG response amplitude
significantly

across

trial

blocks. The

EMG

identical
and

EOG

did not habituate
quadratic

trend

noted across lead time intervals in both EMG and EOG was
reduced over trial blocks, but this effect only reached
significance for EMG responses, and in that instance only
when

EMG

and

EOG

data

were

matched.

These

findings

represent a contradiction to Experiments 1-2, in which EOG
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Experiment 4

Experiment 5
EMG

EMG

EOG

EOG

Experiment 6

Experiment 7
EOG

EMG
EMG

EOG

Figure 10.1. A schematic representation of the variance
shared between EMG and EOG startle blink magnitudes for
Experiments 4-7.

showed

superior

maintained
different

habituation

that

simple

information

to

EMG.

startle

processing

It

has

long

elicitation
mechanisms

(Graham, 1975) . The findings of Experiment

been

engages
from

PPI

4 appear to

verify this.
The results of Experiment 5 verify the existence of
fundamental EMG/EOG

differences, and thus highlight

the
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utility of a dual measure paradigm. The EMG data collected
effectively replicated past research (Blumenthal, 1995),
within fewer trial blocks. The progression of PPI in EMG
blink amplitude reflected a greater sensitivity to
prestimulus duration compared to that of the EOG modality.
EOG responses were more sensitive to prestimulus number,
which seems to contradict the principles of temporal
summation (Anthony, 1985). These rather unconventional
effects call for further research of the comparative
(EMG/EOG) effects in such prestimulus conditions. If EMG
measures alone had been taken in that experiment, these new
questions would not have been raised.
In spite of the similarities between EMG and EOG
measures, the progressive reduction of PPI with greater
lead time intervals highlights certain incongruities
between EMG and EOG startle blinks. Experiment 6 revealed a
nearly identical degree of PPI within EMG and EOG measures
across increasing lead intervals. In both blink channels,
the linear effect of lead time interval differed across
trial blocks between Continuous and Discrete prestimulus
conditions. A linear lead time X linear trial block X
response type interaction was also found. Thus, the
habituation of the recorded linear lead time effect
differed between the two blink modalities. The amount of
overall PPI also differed between measures as a product of
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habituation. At lead intervals exceeding PPI asymptote, it
would appear that the compatibility of EMG and EOG measures
is relatively less secure.
An appraisal of PPI/PPF effects in Experiment 7 of
the present work once again highlights the need for both
EMG and EOG measures. One of the most notable results of
Experiment 7 was the significant PPI found with 50 0 ms of
lead time. This effect was significant within nearly all
combined (EMG + EOG) analyses performed, and common to EMG
analyses also. However, only one of the set of EOG analyses
showed significant PPI (namely, the matched analysis with
zero responses included). The full context effects created
by the lead intervals chosen in Experiment 7 were only
revealed through inclusion of EMG data.
If only EOG measures had been used, other interesting
findings would have been missed. The overall response
amplitude difference between data in the Continuous and
Discrete prestimulus conditions in Experiment 7 was not
significant in the EOG data collected. This represents a
crucial variable, the effects of combined transient and
sustained prestimulus processing. Significant differences
between Continuous and Discrete prestimuli were found only
in the EMG measures within Experiment 7. This implies
greater sensitivity to extended duration prepulse
processing within the EMG modality.
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The

findings

of Experiment

7 raised

an

important

question about EMG/EOG compatibility at more extended lead
intervals. Due to the limited number of trials used, the
combination of including zero responses and matching EOG
with EMG data had considerable effects upon averaged EOG
responses. It was thus suggested that when a reduced number
of trials is used, PPF studies including both EMG and EIG
data should possibly replace zero responses wit hwhithinsubject averages.
Despite the discrepancies noted in Experiment 7, EOG
data and combined (EMG + EOG) analyses are evidently also
essential to a full examination of ASR activity. Using the
preferred method of matched data with zero responses
replaced, only EOG was truly sensitive to PPF at the 3 000
ms interval. The combined, EMG + EOG results are perhaps
yet more persuasive. In several instances, effects which
nearly reached significance in the different blink channels
was found to be significant in the combined analysis.
The habituation of prepulse effects has been tested
extensively (e.g., Lipp et al., 1994). The data reported in
most ASR studies are within-subjects averages for each
condition, across trial blocks (Graham & Murray, 1977).
Such an approach ignores the element of habituation across
testing sessions, often with undesired results (Lipp et
al.). The present work suggests a means to control for this
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effect: The original testing duration can be maintained,
provided that an account of response habituation is
performed. Alternatively, the number of stimulus
presentations can be reduced. The Experiments contained in
this thesis indicate that habituation effects can be
properly studied using either of these strategies (Hoffman
& Ison, 1992). In Experiment 3, by tracking PPI effects
throughout the 9 trial blocks it was possible to show that
PPI does not habituate when short lead times are used. This
was found to be so when zero responses were included as
well as when replaced with averages. The same lead time
effects were shown in Experiment 4, which contained only
one-third the number of trial blocks. In the latter case,
the lead time effects reported were unaffected by the use
of either a matched or independent analysis strategy. It is
clear that SEM can be reliably elicited in the early stages
of an experiment. Shorter testing sessions thus provide
accurate data and reduce the risk of habituating
prestimulus effects.
Summary
This study was performed to explore different means
of increasing the precision and efficiency of acoustic
startle modification recording. Questions as to the best
method of startle blink calibration were to be resolved.
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Sensitivity

of

the

startle

blink

to

startle

stimulus

intensity and prestimulus duration were to be investigated.
Moreover, it was intended that pressing questions about ASR
habituation would be answered.
Two experiments were performed using simple startle
stimuli. Experiment 1 included 95 dB stimuli, and
Experiment 2 included stimuli of three intensities: 75, 85
and 95 dB. The data reported in these first two Experiments
showed SC and HR, as well as EMG and EOG blink measures, to
be reliable indices of the ASR. SC responses, but not HR
responses, were shown to be sensitive to slight variations
in stimulus intensity. SCRs were also also shown to
habituate more readily than HRRs. HR responses did not
habituate in either Experiments 1 or 2, while significant
SCR habituation was found in Experiment 1. This effect was
absent within Experiments, most likely because of stimulus
variation/novelty. The sensitivity of these two autonomic
responses to startle stimulation begs the question of their
utility within studies of ASR modification. SC responses in
particular would seem to be reliable dependent variables of
SEM. The experimental work that follows this thesis will no
doubt investigate this angle.
EMG and EOG measures were demonstrated to be highly
comparable indices of startle blink. The latency to peak of
the EMG responses is considerably shorter, and EOG
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responses habituate significantly faster than EMG when a
single stimulus intensity is used. A second experiment
showed that when varying stimulus intensities are used, EMG
and EOG habituation rates no longer differ significantly.
The remaining experiments in the thesis explored the
effects of prestimulation upon EMG and EOG startle blink.
Experiments 3 and 4 were intended to determine whether
startle modification could be successfully tested with a
limited trial block design. EMG data were collected using
the PPI paradigm of Graham and Murray (1977). Experiment 3
included EMG measures over 9 trial blocks. Responses to
prestimulated startle tones were demonstrated to be similar
for transient and sustained prestimuli, and showed the same
pattern of inhibition across lead times. Analyses of
results within trial blocks 1-3, 4-6 and 7-9 showed a
general habituation of response amplitude, with the same
prestimulus effects. Including zero responses or replacing
them with within-subject averages had no impact upon these
data.
In an effort to show EMG and EOG compatibility, data
in both modalities were collected in Experiment 4, with the
number of trial blocks reduced to 3. The Graham and Murray
(1977) design was once again replicated, with highly
similar data obtained in both the EMG and EOG measures.
These results were not impacted when either a matched or
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independent analysis strategy was used. A combined analysis
of both measures showed significant habituation of response
amplitude across trial blocks. Overall, EMG responses
decreased significantly across trial blocks, whereas EOG
did not. This difference was reflected in a more pronounced
reduction of the quadratic lead time effect within the EMG
modality.
Experiment 5 was intended to probe the sensitivity of
EMG and EOG measures to small changes in prestimulation
within a single, inhibitory lead interval. Results
replicated past research within the EMG channel only.
Different effects were found in the EOG analyses, with
significant differences between single and double
prestimuli and a different PPI response pattern, compared
to EMG. This was interpreted to reflect a different
temporal summation process within the EOG startle measure.
Greater PPI was recorded with single prestimuli in both EMG
and EOG measures, yet this effect was significant only in
the EOG channel.
Experiment 6 incorporated a comparatively narrow range
of lead times to monitor the reduction of PPI within the
EMG and EOG measures from asymptote to zero. Results showed
a consistent progression from maximal PPI to slight PPF
within both EMG and EOG measures. PPI reduction across lead
time intervals was noted within individual (EMG, EOG) as
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well as combined analyses. In support of past research
(Hoffman & Wible, 1969; Graham et al., 1975; Hoffman &
Ison, 1980) , PPI was reduced considerably with 480 ms of
lead time. Prestimulus type was found to be nonsignificant, indicating similar processing of transient and
sustained prestimuli at the intervals selected. EMG and EOG
were found to be largely compatible, but PPI and the linear
lead time effect habituated differently between the blink
measures. Differences in these findings from other
contemporary research were taken to imply that a more
narrow range of lead time intervals invokes less response
distortion due to context effects (Lipp et al., 1994).
A final experiment was performed to examine whether
similar EMG and EOG modification would occur with longer
lead intervals. Both transient and sustained prestimuli
were once again used. Independent and matched analyses of
EMG and EOG data were performed, with zero responses
removed as well as replaced with averages. This was done to
test the impact of these factors within a PPF study. It was
hypothesised that at such extended lead times, the combined
sustained and transient elements of Continuous (Sustained)
prestimuli would result in significantly greater response
amplitude (Graham et al., 1975). It was thought that EMG
and EOG responses would grow across lead times in a
comparable fashion. Moreover, it was held that the
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variations

in

data

selection

and

treatment

of

zero

responses would have a minimal impact.
The findings of Experiment 7 both supported and
contradicted the hypotheses posed. The general hypotheses
concerning lead time, habituation, and EMG and EOG channels
were supported. Hov/ever, the PPI and PPF detected at
different lead intervals relied largely upon the method of
data analysis utilised. Not surprisingly, PPI was generally
greater when zero responses were included in the analyses
performed. EMG data within the matched analysis reached
significance only when this was so. Conversely, significant
PPF was detected within all but one analysis from which
zero responses were omitted. p]OG data in particular were
sensitive to this issue. The findings from this final
experiment make it quite clear that while PPI studies
readily accommodate various strategies of data analysis,
PPF is moi'e sensitive to such issues. This is true for both
EMG as well as EOG blinks.

The overall lack of lead time and prestimulus
differences between EMG and EOG measures clearly indicates
the compatibility of these measures. Both measures are
equally sensitive to lead time duration. The combined data
obtained from EMG and EOG channels provides more extensive
data than would be obtained with either single measure. It
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would seem that to provide a thorough and balanced view of
elicitation and prepulse modification of the startle blink
at various lead times requires both EMG and EOG measures.
The results of the present study may provide opportunities
for future research, as the startle blink becomes an even
more precise probe of brain activity.
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APPENDIX
The appendix for this thesis is in electronic form, as
inclusion in hard copy form was impractical. The enclosed
CD contains (a) a copy of the consent form used for the
present study; (b) means and standard deviations for
stimulus/prestimulus conditions and habituation analyses;
and (c) output from statistical analyses from each study.
Files of the latter two categories were created using SPSS
9.0 and 10.0 .
For each study, two categories of SPSS printouts (.spo
files) were created. The folders entitled "Averages"
contain means and standard deviations for designated
conditions. Folders entitled "Analyses" contain more
advanced SPSS statistical analyses. These files were placed
into one of the following categories: (1) EMG; (2) EOG; (3)
EMG + EOG; (4) HR; or (5) SCR. Directories for the
experiments containing separate analyses of independent and
matched data are labelled accordingly. The .spo files
included contain a brief description of their contents at
the top of the first page.

